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ABSTRACT

Platelet hyperactivity and platelet interaction with endothelial cells contribute to the development and progression of many cardiovascular dis-
eases such as atherosclerosis and thrombosis. The impact of platelet activity with different pharmacological agents, such as acetylsalicylic acid
and coumarin derivatives, has been shown to be effective in the prevention of cardiovascular disease. Artemisia dracunculus, L. Asteraceae
(Tarragon) is used for centuries in the daily diet in many Middle Eastern countries, and it is well known for its anticoagulant activity. The pres-
ent study investigates the presence of coumarins in tarragon leaves and subsequently determines the extract with a major amount of coumarin
derivatives. The solvents of different polarities and different pH values were used for the purpose of purifying the primary extract in order to
obtain fractions with the highest coumarin content. Those extracts and fractions were investigated for their anticoagulant activity by determin-
ing prothrombin time (PT) and the international normalized ratio (INR), expressed in relation to the coagulation time of the healthy person.
Purified extracts and fractions obtained from plant residue after essential oil distillation, concentrated in coumarin derivatives, showed the best

anticoagulant activity, using samples of human blood. INR maximum value (2.34) and consequently the best anticoagulant activity showed the

methanol extract at concentration of 5%. The INR value of normal plasma in testing this extract was 1.05.
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INTRODUCTION

A vegetarian diet has a positive effect on the development
of many diseases, including arterial thrombosis and ischemic
heart disease [1], through the antithrombotic action of many
vegetables. Based on these records, many studies worldwide
are focused on the anticoagulant activity of many medicinal
plants with the hope of finding new and more effective agents.
Coumarin derivatives are present in a large number of vegeta-
bles and medicinal plants [2]. These compounds have many
pharmacological activities, and one of the best known is anti-
coagulant one [3]. Platelet hyperactivity is an important fac-
tor responsible for arterial thrombosis and atherosclerosis [4].
Activation of blood platelets results in their morphologic
change, adhesion, secretion and aggregation [4].

Tarragon is used as a spice, in the preparation of various
drinks, infusions, vinegar, and mustards. Fresh leaves of tarra-
gon are used both as hors d-oeuvres and as garnishes for meat
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dishes and vegetable salads [5]. The experience of folk med-
icine and experimental studies has identified tarragon bene-
fits on gastrointestinal tract function and diuretic action [6].
Tincture of tarragon has been shown to have a calming and
anticonvulsant activity, as well as antidiabetic action and inhi-
bition of blood platelet adhesion action [7-12].

The extract of Artemisia dracunculus leaves appear to
be potentially useful for decreasing the incidence of coronary
diseases in human, given the positive results of experimental
studies conducted in rats [13].

This study was conducted to identify and quantify the
presence of various coumarin derivatives in tarragon leaves
and to evaluate the effects of different extracts on anti-
coagulant activity by the determination of prothrombin
time (PT).

MATERIALS AND METHODS

Plant materials

Plant material (Folium dracunculi) was obtained from
Artemisia dracunculus L., Asteraceae, collected from
suburbs of Sarajevo in July 2011 and identified by botanical
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expert (S.D.). Voucher specimen No. 1057 was deposited
at the herbarium of the Department of Biology, Faculty of
Science, University of Sarajevo, Bosnia and Herzegovina.
Immediately after collection, the leaves were separated from
the rest of the plant and dried in a thin layer in a well-ven-
tilated place, far from direct sunlight. The dried leaves were
stored in paper bags in a dry, dark place and powdered just
before the experimental analysis.

Extraction

One hundred grams of powdered tarragon leaves were
subjected to successive extractions with 100 ml of n-hexane,
600 ml of chloroform and 600 ml of methanol in a Soxhlet’s
aparatures. All the extractions were performed for eight hours.
After removing the solvents under reduced pressure, three
separate dry extracts were obtained: hexane-, chloroform-,
and methanol extract.

The methanol extract was subsequently fractionated,
using different solubility of its components in relation to the
value of pK. More specifically, 1g of the methanol extract
was dissolved in 10 ml of diethyl ether, with the aim of sepa-
rating lipophilic components that can be converted into salts
extractable with water. The resulting solution was transferred
to a separatory funnel and shaken three times with 50 ml of
water, adjusted to pH 11.5 with 10 M NaOH.

The organic (diethyl ether) fraction was concentrated
under reduced pressure to dryness, yielding the first fraction
named F . The remaining aqueous (water) fraction is acidified
with acetic acid to pH 5.3 and then shaken with 100 ml of
diethyl ether six times in order to convert the salts of lipophilic
nature into the corresponding undissociated form extract-
able with an organic solvent. This way, another aqueous and
another organic fraction were obtained. This aqueous frac-
tion is evaporated obtaining the fraction F, and the organic
fraction was evaporated removing the solvent under reduced
pressure to dryness, fraction ..

Extraction of the distillation residue

After steam distillation, the herbal residue is separated
from water in which it was immersed, to give a vegetable
matrix. The herbal residue was split into four parts, each
one subjected to extraction under various conditions in
order to verify if the coumarin compounds remained in
plant materials after essential oil distillation. In this way
chloroform extract (A), diethyl ether extract (B), aqueous
extract basified to pH 9 (D), and aqueous extract basified to
pH 11,5 (E) were obtained. Water remaining after essential
oil distillation was analyzed on coumarin presence as well,
giving organic fraction with diethyl ether (C) and water
fraction (F).
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Conditions for thin layer chromatography (TLC)

Identification of coumarin compounds in different
extracts and fractions was performed by thin layer chroma-
tography. Methanol solution of test samples were prepared
and used for TLC. Following coumarin standard solutions
(0.1%) were used for identification of single coumarin com-
pounds in test samples: coumarin-3-carbosilic acid 99%,
Aldrich; umbelliferone 99%, Aldrich; 3-hydrohycoumarin
97%, Aldrich; 7,8-dihydroxy-6-metoxy coumarin 98%, Aldrich;
6,7-dihydroxycoumarin 98%, Aldrich; dihydrocoumarin 99%;
Aldrich. Adsorbens was Silikagel 60 F _  precoated TLC
plates, Merck, Darmstadt, Germany. Solvent system was tol-
uene: ether (1:1, saturated with acetic acid 10%). Detection:
UV-254, UV365, spray regent ethanolic KOH (10%).

Hihg pressure liquid chromatography (HPLC)

Qualitative and quantitative analyses of the coumarin
derivatives in methanol extract was performed by high pres-
sure liquid chromatography with an electrochemical detector.
Conditions for HPLC was given in Supplement Table 1.

Principles of the anticoagulant activity test

Human blood was sampled into a 4 ml test tube con-
taining 3.2% sodium citrate. The blood was mixed and then
centrifuged for 15 min. Obtained plasma was analyzed on
coagulation analyzer (Diamed CDX, Diamond Diagnostics,
USA) at 37°C. The principle of the test was based on re-en-
abling the blood to clot by adding calcium. For accurate
results, a proportion of blood and citrate in the test tube must
be fixed (1:10), before being placed in a centrifuge. The sample
was visuali verified in order to determine if there were any clot
formation within the tube, because in that case the test results
would not be valid. All samples were stored at 25°C until the
time of testing.

In order to determine the protrombin time (PT) a lig-
uid calcium thromboplastin, also known as tissue factor Il1
(Diaplastin-E, Pentapharm Ltd, Basel, Switzerland) was
used. Diaplastin-E is stable, standardized to British corporate
thromboplastin, and has the International sensitivity index
of 1.1. Time to coagulation was measured optically. An INR
value of normal plasma and solvent DMSO were determined
for each test.

TABLE 1. Coumarin derivatives identified in tarragon leaves

ID Name Retentign Area High
time (min)

1. 6 7-dihydroxycoumarin 4.947 4338996 131710

2. 7 8-dihydroxy-6-methoxy-coumarin ~ 5.607 8218422 225436

3. Umbelliferon 7774 7930275 146011

4. 3-hydroxycoumarin 12678 18170469 415983

5. Scopoletin 14.310 27866590 435137
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Tested extracts

Methanol extract, chloroform extract, water extract after
essential oil distillation (extract E) and decoction of tarra-
gon leaves were investigated for their anticoagulant activity.
Dilution of the extracts was performed in DMSO in a way that
the total concentration of DMSO does not exceed 30%. Only
DMSO at a concentration of 30% and less, gave no problems
with turbidity and it was possible to measure the PT.

Methanol and chloroform extracts were prepared in con-
centrations of 5%, 1.5%, 0.75%, and 0.09%. Extract E was prepared
in concetrations of 1.5%, 0.75%, 0.375%, and 0.09%, due to its poor
solubility in dimethyl sulfoxide. The decoction was prepared at
aratio of 110 and subsequently dilutions of 1:50, 1:100, and 1:500.

As a blank, for the first three extracts, pure solvent
dimethyl sulfoxide (DMSO) was used. For the samples of
decoction dilutions, distilled water was used as a blank. The
anticoagulant activity was evaluated by measuring the effect
of the extract on the total coagulation assay by determining
PT. All the measurements were done in triplicate.

Statistical analysis

SPSS Statistics 17.0 software package (SPSS Inc., 233 South
Wacker Drive, 11th Floor, Chicago, IL) was used for descrip-
tive statistical analysis.

RESULTS

Extraction of coumarin derivatives

The qualitative composition of three extracts obtained by
successive extractions with hexane, chloroform and methanol,
was obtained by thin layer chromatography (TLC). Since the
coumarin compounds are the objects of the study, the coumarin
standards were used for their identification in different extracts.

Analysis of the TLC chromatograms showed that extraction
conducted with three solvents failed to satisty, since clear sep-
aration of coumarin compounds in the leaves of tarragon was
not achieved. Thin layer chromatography partly confirmed the
presence of coumarin compounds in chloroform and methanol
extracts, but the coumarin derivatives spots were more intense in
the methanol extract. Further separation of the methanol extract
was carried out using a different solubility of the components
in function of their pK_ values. The results of separated couma-
rin compounds in the methanol extract, visible in the form of
blue fluorescing spots observed under UV light at 365 nm and
254 nm, are shown in the chromatogram presented in Figure 1.

High pressure liquid chromatography

By comparing the retention time of the coumarin stan-
dards with retention times obtained in the tested methanol
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MeOH:

MeOH:

MeOH: MeOH MeOH:

FIGURE 1. Methanol extract fractions separated according to pK.
values and observed under UV-365 and 254 nm. MeOH =organic
fraction: Et,0/H,0 (pH 5.3); MeOH = organic fraction: Et,0/H,0
(pH 11.5); MeOH,= water fraction Et,0/H,0 (pH 11.5).

extract, five coumarin compounds were identified and quan-
tified (Figure 2, Table 1).

Extraction of coumarin derivatives from plant
residue after essential oil distillation

Plant residue remaining after distillation was subjected
to further extraction in order to check whether coumarin
compounds are lagging behind in plant material after the
extraction of essential oil. The obtained extracts and frac-
tions were applied to the chromatographic plate presented in
Figure 3 in order to identify fractions with a major amount of
coumarin derivatives.

The results show that coumarin compounds are lagging
behind in plant material after steam distillation. Clearly visible
blue fluorescing spots from coumarin compounds, particu-
larly accentuated in extracts D and E, indicate that this com-
pounds can be extracted from plant residue by varying the
aqueous pH value.

Anticoagulant activity

The PT was used for estimating the total amount of pro-
thrombin in the blood. The diagrams presented in Figure 4
show the results of anticoagulant activity of investigated
extracts, expressed as INR values. Each extract was diluted in
four different concentrations in order to monitor its effects on
PT of healthy individuals and to see whether there is a correla-
tion between different concentrations and INR values.

PT results were expressed as INR values but also as per-
centages and seconds for different extracts and their respec-
tive dilutions (Tables 2, 3, 4 and 5).

Relationship diagrams between different extract concen-
tration and INR values show that chloroform, methanol and
extract E influence PT. There is a notable progressive linear
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FIGURE 2. Chromatogram of pretreated methanol extract of tarragon leaves. *The five peaks corresponding to the coumarin derivatives

are: RT4.610, RT 5.682, RT 8.325, RT 12.907, RT 14.117.

FIGURE 3. Chromatogram of separated spots obtained from dif-
ferent extracts of plant residue after essential oil destilation with
water steam. A, chloroform extract of plant residue; B, diethyl
ether extract of plant residue; C = diethyl ether fraction of water
residue; D = water extract of plant residue - pH 9; E =water extract
of plant residue - pH 11.5; F = water fraction of water residue.

TABLE 2. PT results and INR values for different chloroform extract
concentrations

Sample % Seconds INR* (+SD)
Normal plasma (NP) 118.3 134 0.89+0.83
DMSO 30% 110.6 14.0 0.93+0.89
Chl (5%) 535 20.5 1.39+0.83
Chl (1.5%) 66.9 185 1.25+0.44
Chl (0.75%) 72.3 17.8 1.20+0.83
Chl (0.09%) 74.8 175 1.18+1.22

*The values represent the average of five measurements; SD Standard
deviation

increase in INR values with the increase of the concentration
of extract.

A previously treated methanol extract showed the high-
est anticoagulant activity. The maximum INR value of added
methanol extract at a concentration of 5% was 2.34. INR value
of normal plasma in this case was 1.0s. (Figure 4, Table 3).

The attached results show that the INR value of normal
plasma (1.04) was almost identical with INR values in plasma
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TABLE 3. PT results and INR values for different methanol extract
concentrations

Sample % Seconds INR* (+SD)
NP 914 15.7 1.05+0.55
DMSO 30% 88.4 16 1.07+0.44
MeOH (5%) 338 274 2344189
MeOH (1.5%) 36.6 27.7 1.90+1.14
MeOH (0.75%) : :

MeOH (0.09%) 44.2 237 1.62+1.67

*The values represent the average of five measurements; SD Standard
deviation

TABLE 4. PT results and INR values for different extract E
concentrations

Sample % Seconds INR* (+SD)
NP 119.6 133 0.88+0.42
DMSO 30% 1183 134 0.89+0.55
E (1.5%) 49.1 215 1.46+1.14
E(0.75%) 62.5 19.1 1.29+122
E (0.375%) 723 17.8 120:1.67
E (0.09%) 73.1 17.7 1.19+0.83

*The values represent the average of five measurements; SD Standard
deviation

TABLE 5. Prothrombin time and INR values for different decoction
concentrations

Sample % Seconds INR* (+SD)
Normal plasma (NP) 925 15.6 1.04+0.55
DMSO 30% 89.4 159 1.06+0.89
D (1:10) 88.4 16.0 1.07+0.83
D (1:50) 95.6 15.3 1.02+0.44
D (1:100) 874 16.1 1.08+1.67
D (1:500) 884 16.0 1.07+0.83

*The values represent the averages of three measurements; SD Standard
deviation

that were added with different dilutions of tarragon decoc-
tion. Small differences are attributed to variations in the test-
ing procedure. Decoction has no effect on PT, given that this
pharmaceutical form does not contain coumarin derivatives
(Figure 4, Table 5).
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FIGURE 4. The relationship between different concentrations of test extracts and INR value. (A) Influence of chloroform extract on PT;
(B) Influence of methanol extract on PT; (C) Influence of extract E on PT; (D) Influence of decoction on PT.

DISCUSSION

Many compounds present in diets may affect coagulation
processes. Many of them are bioactive compounds, such as
phenolic and polyphenolic compounds, vitamins and carot-
enoids, found in vegetables and fruits. Studies have shown
these compounds have inhibitory effects on platelet function,
thus having beneficial effects on heart disease and atheroscle-
rosis. These reports encourage many studies on anticoagulant
activity of medicinal plants with the hope that new and more
effective agents will be found [14].

Artemisia dracunculus L., Asteraceae, owing to its phy-
tochemical composition, has become very intriguing in the
possible preparation of medicinal products against diseases
caused by thromboembolic events. Among other natural poly-
phenolic compounds, this plant species contains coumarin
derivatives with potential therapeutic effect [15]. For example,
some coumarins inhibit the activity of vitamin K-dependent
y-carboxylase involved in the activation of coagulation fac-
tors [16]. Coumarins may inhibit platelet functions through
multiple mechanisms including scavenging of reactive oxygen
species, inhibiting cyclic nucleotide phosphodiesterase and
prostaglandin syntheses [16].

Previous studies on the anticoagulant activity of various

plant extracts of Artemisia dracunculus were performed in
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vitro, on isolated platelets [17, 13], while anticoagulant activ-
ity in this study was performed directly on samples of human
blood by determining the PT. The PT is one of the most import-
ant tests to monitor coagulation and anticoagulant therapy
and for the detection of blood-clotting disorders. The study
(Yazdanparast R, et al) on tarragon leaf extract demonstrated
the inhibition of platelet aggregation, adhesion to lamina coated
plates by 60%, as well as decreased protein secretion by 50% [18].

Our experiments proved the presence of coumarin com-
pounds in tarragon leaves and the method of their extraction
has proven to be satisfactory. The extracts in which coumarin
derivatives were concentrated showed anticoagulant activity
and among them, methanol extracts had the highest effect on
increase of the PT (INR 2.34). In our experiments all of the
three extracts showed positive relation between the antico-
agulant effect (INR value) and the concentration of applied
extracts. Since the decoction is most frequently used in phar-
maceutical herbal drug preparation, it was very important to
investigate the anticoagulant activity of the tarragon leaves
decoction. Unfortunately, decoction does not contain couma-
rin compounds subsquently it was not observed anticoagulant
activity of this extract.

Our results support the data on anticoagulant effects of
the tarragon leaf extracts and provide a scientific basis for the

traditional use of this plant as an anticoagulant.
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CONCLUSION

Artemisia dracunculus L., Asteraceae, contains couma-
rin compounds and is important plant species from a phar-
macological point of view. Its anticoagulant activity confirmed
in vitro and its use in folk medicine suggests the need for fur-
ther research in this field.
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