Pharmaceutical Chemistry Journal

Vol. 40, No. 6, 2006

STRUCTURE OF CHEMICAL COMPOUNDS,
METHODS OF ANALYSIS AND PROCESS CONTROL

NATURAL COUMARINS: METHODS OF ISOLATION

AND ANALYSIS

A. V. Lozhkin! and E. I. Sakanyan!

Translated from Khimiko-Farmatsevticheskii Zhurnal, Vol. 40, No. 6, pp. 47 — 56, June, 2006.

Original article submitted November 22, 2004.

With a view to optimizing of the quality control of sweetclover herbs and related preparations containing
coumarins among the active substances, methods for the isolation and analysis of compounds of this
class — in particular, coumarin and furocoumarin — are reviewed. The group of possible analytical methods
includes gravimetric, titrimetric, photocolorimetric, and polarographic analysis, and the more recently devel-
oped spectroscopic (UV and IR), fluorimetric, and chromatographic (GC and HPLC) techniques.

Coumarins constitute a class of compounds representing
2H-1-benzopyran-2-one derivatives. These compounds are
most frequently encountered in plants of the Apiaceae
(Lindl.), Rutaceae (Juss.), Fabaceae (Lindl.), and Hyppocas-
tanaceae (DC) families [1, 2]. Coumarins can significantly
vary both in the site of concentration (fruits, underground or-
gans, crust, leaves, stems) and in quantitative content (usu-
ally from 0.5 to 2 %, sometimes up to 5 — 6%) [3, 4].

Coumarin derivatives are can be conditionally subdi-
vided into several groups.

1. Unsubstituted coumarins:

L
o~ o
coumarin
2. Hydroxy-, methoxy(alkoxy)-, and methylenedihydro-
xycoumarins and their glycosides, including

2.1. Compounds with hydroxy or alkoxy groups in the
benzene ring:
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Umbelliferone: R' = H, R?= OH;
Esculetin: R! =R? = OH;
Scopoletin: R'= OCHj, R?= OH;

2.2. Compounds with hydroxy or alkoxy groups in the
pyrone ring (galfordin).

2.3. Hydroxy- and methoxycoumarins alkylated in the
benzene or pyrone ring.

3. Furocoumarins, including

3.1. Psoralen derivatives:

Psoralen: R = H, R?= H;

Xanthotoxin: R = H, R’= OCHg;
Bergapten: R!'= OCH;, R?= H;
Isopimpinellin: R' = OCH;, R*= OCH;.

3.2. Angelicin derivatives:

angelicin

4. Pyranocoumarins
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CH,
RI=0—C—CH; R*=0—C—CH;—CH
[l [l AN
0 0 CH;

dihydrosamidin
R!=0—C—CH, R*=0—(—0—CH—CHyCH,
o) o CH,
visnadin

5. 3,4-Benzocoumarins

ellagic acid

6. Coumestans (coumestrol, etc.)
7. Compounds with more complicated structures involv-
ing the coumarin system (novobiocin, aflatoxin, etc.)

The physiological role of compounds belonging to this
class is still not completely clear. It is known that coumarins
are (i) involved in plant growth regulation (being antagonists
of auxins), (ii) absorb UV radiation (thus protecting young
plants from excess sunlight) [5], and (iii) protect plants
against viral disorders [6].

One of the characteristic pharmacological properties of
coumarin derivatives is anticoagulant action [7 — 10]; it is
also known that coumarins produce coronary-dilative, 3-blo-
cking, and cholagogic action [11]. Many furocoumarins pos-
sess photosensitizing [3, 7] and spasmolytic activity. Some
coumarins and furocoumarins were reported to produce
bacteriostatic and antimytotic effects [1, 3, 7]. Coumestrol
and related compounds show pronounced estrogen proper-
ties. Some synthetic and natural coumarin derivatives exhibit
anti-HIV activity [12].

Coumarin proper (cis-o-hydroxycinnamic acid lactone)
is widely used in the perfumery industry. As to pharmaceuti-
cal properties, this compound was reported to inhibit the de-
velopment of lymphidema [13], renal carcinoma [14], and
melanoma [15]. On the other hand, coumarin exhibited hepa-
totoxicity in experiments with rat liver and produced carci-
nogenic action upon chronic administration in high doses
[16].

Coumarin derivatives can produce rather significant side
effects. In high doses, they induce headache, nausea, womi-
ting, sleepiness, and, in extreme cases, serious liver damage
with hemorrhage as a result of hypoprothrombinemia [9, 17].
It is or recommended to administer drugs containing couma-
rin derivatives in patients whose professional activities are
related to attention concentration. This circumstance implies
the necessary standardization of plants containing coumarins
with respect to the quantitative content of these biologically
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active substances. In accordance with the recommendations
of WHO [18] and ICH [19, 20], it is necessary to validate
methods used for the characterization of identity, purity, and
quantitative content of active substances, which imply the
availability of the corresponding reference samples.

The group of plants containing considerable amounts of
coumarin includes yellow sweet clover (YSC) (Melilotus
officinalis L. Pall.). Investigations performed at the St. Pe-
tersburg State Chemico-Pharmaceutical Academy showed
that this plant possesses antihypoxant, antiischemic, and
other kinds of cardiotropic activity [21 — 23], which stimu-
lated the development of technology and standardization of
the dry plant extract, tablets [24 — 26], ointments and suppos-
itories [27] based on this extract, as well of the liquid extract
and related preparations (flocramel) [28]. However, all meth-
ods proposed for the quality control of YSC preparations
(UV spectrophotometry, HPLC, TLC) stipulate the use of a
reference sample representing the class of coumarin deriva-
tives [29, 30].

An analysis of the available normative documentation
for the reference samples used in Russia for the quality con-
trol of the initial plant materials and phytopreparations
showed the absence of direct reference samples for coumarin
derivatives. The existing standards for furocoumarins such as
psoralen, xanthotoxin, and phloverin (representing a combi-
nation of pyranocumarins dihydrosamidin and visnadin) are
uacceptable for the evaluation of plant material containing
cis-o-hydroxycinnamic acid lactones and substituted
analogs.

In this context, it is of interest to review the possible
methods of isolation, synthesis, and analysis of this class of
natural substances with a view to the development of an ade-
quate reference sample and its use for the quality control of
drugs, parent substances, and preparations based on the YSC
extract.

Coumarins typically appear as colorless or yellow crys-
talline substances, well soluble in organic solvents (chloro-
form, diethyl ether, ethyl alcohol), as well as in fats and fatty
oils. Coumarin and its derivatives exhibit sublimation on
heating to 100°C.

METHODS FOR ISOLATION OF COUMARINS

Coumarins are usually isolated from plants by extraction
with solvents such as ethanol, methanol, benzene, chloro-
form, diethyl and petroleum ethers, or their combinations
[31 —33]. The most exhaustive extraction of coumarins (in
the free form and as glycosides) is achieved with ethanol and
its aqueous solutions, either in the cold or on heating. The to-
tal dense extract obtained after the evaporation of extractant
is purified by treatment with chloroform and diethyl or petro-
leum ethers. Extraction with petroleum ether provides a good
yield of furocoumarins, which can be isolated in crystalline
form [3]. In some cases, the extracts were additionally puri-
fied using activated charcoal [34], boiling water (followed by
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the condensation and separation of hydroxylated and methyl-
ated coumarins with chloroform [35], ethyl acetate and
butanol [36]), or a chloroform — ethanol 97 : 3 mixture (for
the separation of analogous derivatives [37]. Sometimes, the
ethanol extract is used without additional treatments
[32,38 —41].

For the isolation of the total 7-hydroxylated coumarins
from the roots of Helianthus annus (L.), it was suggested to
use sequential extraction with acetone and acetone — metha-
nol (1 : 1) mixture, followed by the separation of pigments in
a separatory funnel with a hexane — ether (6 :4) mixture
[42]. In some cases, the raw plant material is initially treated
with petroleum ether and then exhaustively extracted with
chloroform or methanol [3]. Peucedanin was successfully
isolated by extraction with methanol in a Sohxlet apparatus
[43]. An analogous procedure using successive extraction
with n-hexane, dichloromethane, and methanol followed by
preparative TLC was used for the isolation of six
furocoumarin derivatives from Angelica archangelica (L.)
[44]. The same extractants were used to obtain the total
coumarins and furocoumarins from Metrodorea flavida [45].
Hydroxy- and alkoxycoumarins and their glycosides were
isolated from Aesculus hippocastanum (L.) seeds by extrac-
tion with 80% aqueous ethanol followed by treatment with
hot water, filtration, and multiple re-extraction with chloro-
form, ethyl acetate, and butanol [46]. Esculin and fraxin were
isolated from chestnut crust by extraction with methanol
[33]. Sequential hexane and methanol extraction of
Kielmeyera reticulata (Saad.) sprouts yielded 4-phenylco-
umarins and 4-n-propylcoumarins [47].

Isolated coumarins can be purified from accompanying
substances by means of saponification, which was described
in detail in [3, 48]. This method is based on the ability of the
lactone (a-pyrone) ring to open under the action of alkalis
with the formation of coumarinates (o-coumaric acid salts)
and to close again upon subsequent acidification. A signifi-
cant disadvantage of this method is the possible formation of
secondary products and the dehydration and isomerization of
some hydroxycoumarins.

Subsequent operations are usually aimed at the separa-
tion of the total coumarins and the isolation of individual
compounds. Early investigations employed crystallization,
fractional distillation, and sublimation in high vacuum [3].
However, since many coumarins possess close solubilities in
organic solvents, even multiple recrystallization from solu-
tion did not provide reliable results. For this reason, subse-
quent progress in the chemistry of coumarins led to the de-
velopment of various chromatographic techniques, which are
free of disadvantages inherent in the early methods.

The first stage of partition is provided by column chro-
matography using various sorbents and solvent systems. In
particular, the separation of hydroxy- and alkoxycoumarins
substituted at the benzene cycle can be performed on a silica
gel column sequentially eluted with hexane, hexane — chlo-
roform mixture (with chloroform gradient), and chloro-
form — methanol (9 : 1, 8:2, 7 : 3) [35] or chloroform — eth-
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anol (97 : 3) mixture [37]. The same task can be solved using
an aluminum oxide column and ethyl acetate — benzene sys-
tem (2 : 1) [36] or benzene [40] or a silica gel column and the
following solvents: chloroform —benzene (1: 1), chloro-
form, chloroform — ethanol (99:1, 98:2 and so on to
90 : 10), benzene — butanol (4 : 1, 3 : 1) [46]. The separation
of 4-phenyl-, 4-n-propyl-, and 4-n-propylpyranocoumarins
can be separated using a silica gel column eluted sequentially
with hexane —ethyl acetate (gradient), methanol — wa-
ter — dichloroethane, ad hexane — acetone systems [47].

Furocoumarins can be fractionated on an aluminum ox-
ide column (activity degree III) eluted with petroleum ether,
petroleum ether — chloroform (2 : 1), chloroform, and chlo-
roform — ethanol (9: 1,4 : 1,2 : 1) mixtures or on a silica gel
column eluted sequentially with hexane — chloroform and
chloroform — ethanol systems with increased proportion of a
more hydrophilic component [38].

The presence of coumarins is indicated by the character-
istic fluorescence of the corresponding sorbent bands under
UV irradiation or by the positive response of characteristic
chemical reactions of eluates.

The general laws governing the chromatographic behav-
ior of coumarins are quite well established [3, 31, 49, 50].
According to one general rule, compounds with weak affin-
ity to a sorbent should be isolated using active sorbents and
weakly polar solvents, while strongly affine compounds
should be isolated using low-activity sorbent layers and
high-polarity solvents. In particular, coumarins containing
phenolic or alcohol hydroxy groups are better adsorbed on
aluminum oxide and eluted with large volumes of polar sol-
vents (e.g., ethanol), sometimes with 0.5% acetic or hydro-
chloric acid. Methylated derivatives and pyranocoumarins
are more weakly retained on sorbents. In the course of elu-
tion, it is expedient to gradually replace the hydrophobic sol-
vent by a hydrophilic one [3, 51].

It was suggested to separate coumarins (including their
mixtures with other low-molecular-weight biologically ac-
tive substances) and to purify and analyze the components
using column chromatography with affinity-type sorbents in-
volving phenolic and polyphenolic ligands. In particular, it is
possible to use epoxy-activated sorbents based on the HW-35
matrix containing resorcinol and catechol ligands. The possi-
ble mobile phases include water, aqueous ethanol solutions,
and aqueous solutions of mineral acids, neutral salts, and
their combinations. It was demonstrated that the results ob-
tained with such chromatographic systems significantly ex-
ceed those provided by the classical silica gel, polyamide,
and dextran sorbents [52].

The efficiency of separation provided by column chro-
matography is checked by thin-layer chromatography (TLC)
and, less frequently, by paper chromatography. These meth-
ods show homogeneity of the isolated substances and reveal
even trace amounts of coumarins. TLC is typically per-
formed on Silufol or Sorbfil plates [35, 53] and sometimes
on aluminum oxide (activity degree II) [41] and silica gel
[46, 55 — 57] layers, which are eluted with the following sol-
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vent systems: benzene — acetone (1 :2); benzene — metha-
nol — acetone (8 : 2 : 10); hexane — chloroform, toluene, and
n-butanol (for hydroxy- and methoxycoumarins) [35, 46],
ethanol — chloroform (5.5 :4.5); chloroform — formamide
(for scopoletin) [36, 54]; ethyl acetate — benzene (1 : 2); di-
ethyl and petroleum ethers (for furocoumarins) [54], and oth-
ers.

Aluminum oxide is commonly considered the best sor-
bent for TLC separation of coumarins, the best eluents being
petroleum ether — ethyl acetate (2:1), petroleum ether —
chloroform, cyclohexane — ethyl acetate (3 : 1), benzene —
ethyl acetate (in various proportions), and pure benzene.

Paper chromatography can be performed on various
available media [24, 38, 58, 59]. It should be noted that, in
view of the selective solubility of coumarins in aqueous and
nonpolar solvents, the paper is usually impregnated with a
20% aqueous solution of ethylene glycol or propylene gly-
col, formamide (of DMF) in methanol or acetone, or sodium
borate and phosphate solutions. If the hydroxy-containing
coumarins stay at the start, the paper is impregnated with
some other solvent [3] or chromatographed on a nonimpreg-
nated paper [60].

The spots of coumarins on thin-layer and paper chroma-
tograms are usually revealed by UV fluorescence at certain
characteristic wavelengths, before or after the treatment with
an aqueous-ethanol solutions of potassium hydroxide or with
ammonia vapor, or using some other color reactions. The flu-
orescent color does not provide accurate identification of the
structure of coumarins; nevertheless, sometimes it is possible
to determine the type of functional groups [3, 57, 59].

Individual compounds can be separated using prepara-
tive TLC techniques. The identity of isolated compounds is
established using melting points and IR, NMR [44, 61], and
mass spectra [51, 62]. The IR spectra of coumarins exhibit
characteristic absorption bands at 1750 — 1700 cm ' (-C=0
groups) and 1620 — 1470 cm ~!' (~C=C— groups of aromatic
rings) [3, 62 —64]. The crystalline structure of synthetic
compounds can be determined by conventional x-ray analy-
sis (e.g., with the aid of SHELXL97 software [65]).
Coumarins with side chains containing asymmetric carbon
atoms [47, 51], chiral carbons in the furan cycle of a substi-
tuted dihydroangelicin, and the pyran cycle of substituted
khellactone can be identified using specific optical rotary
power [44].

The structures of coumarins isolated from plants can be
confirmed by methods of direct synthesis, such as Perkin
condensation (from salicylaldehyde and acetic anhydride),
Pechmann reaction (from phenol and maleic acid or
B-ketoester), Knoevenagel
o-hydroxybenzaldehydes with esters of malonic and other
acids), and other techniques described in [3].

reaction (condensation of
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METHODS OF ANALYSIS OF COUMARINS

The titrimetric method of quantitative determination of
coumarin derivatives, which is now rarely used, is based on
the ability of a lactone (a-pyrone) ring to open under the ac-
tion of alkalis [66]. The excess alkali is titrated with hydro-
chloric or sulfuric acid. This procedure gave understated re-
sults, and a modified variant was developed in which mer-
cury oxide prevented premature closure of the lactone ring
[67]. An important advantage of the titrimetric method is that
it does not require the use of reference samples of coumarins,
whereas disadvantages are the low specificity of this proce-
dure and the toxicity of mercury compounds. Nevertheless,
titrimetry was included into the normative documentation for
psoralen and related preparations [60].

The gravimetric method described in [34, 66] represents
a variant of the lactone probe. Despite the advantage of a
high accuracy of determination (comparable with that of
spectrophotometric analysis) [24], this technique did not find
use due to the rather laborious and time-consuming proce-
dure.

It was also reported on the possible use of permangano-
metric titration for the quantitative determination of
coumarin [66], but this technique does not provide sufficient
accuracy of results.

The acid properties of some natural coumarins were
studied by potentiometric titration in aqueous solutions and
in some nonaqueous solvents. The known influence of the
coumarin structure on the character of potentiometric curves
can be used to establish the structure of unknown com-
pounds, in addition to the information provided by the ab-
sorption spectra [68].

Calorimetric methods of the quantitative determination
of coumarins are based on their ability to form stable colored
(from a light brown to cherry tint) compounds with
diazonium salts [3, 32, 60]. This method was successfully
used for the determination of coumarins isolated from
Heracleum sp. bergapten in Pastinaca sativa (L.) fruits,
psoralen in parent substance and preparations [60], atamantin
in  Peucedanum oreoselinum (L. Moench.) roots, and
xanthotoxin and bergapten in Ammi majus (L.) fruits and
ammifurin preparation [3]. It was reported that a
photocolorimetric technique was used for the determination
of a synthetic anticoagulant sincoumar [69]. However, it
should be noted that azoaddition is not a specific reaction for
coumarins and their derivatives (analogous effects are inher-
ent in phenols, aromatic amines, and flavonoids). Therefore,
thorough purification from interfering substances must pre-
cede the photocolorimetric measurements. It is also neces-
sary to take into account that the optical absorption spectra of
diazo derivatives of coumarins exhibit differences related to
features of the structure of the particular initial compound
[70].

The spectrophotometric method is based on the ability
of coumarins to absorb in the UV spectral range. It was es-
tablished that the main absorption bands in the spectra of



Natural Coumarins: Methods of Isolation and Analysis

coumarins and furocoumarins are related to the m electron
transitions from bonding to antibonding molecular orbitals
[48]. The presence of several characteristic high-intensity
bands in the 220 — 350 nm interval makes possible the use of
UV spectrophotometry for the quantitative determination of
coumarins. The characteristic absorption peak positions were
reported, in particular, in [3, 62 — 64, 69, 71].

The UV spectrophotometry is the most promising
method for the group analysis of coumarins, since the analyt-
ical procedure is simple and the components can be deter-
mined using differences in their absorption spectra (without
preliminary separation). However, this method requires the
use of reference samples in order to provide more accurate
determination of the target components as compared to the
case of using calibration plots and specific absorption coeffi-
cients.

The results of UV spectrophotometric measurements
showed that the absorption spectra of synthetic anticoagu-
lants (dicoumarin, phenpromaron, and sincoumar) exhibit
two characteristic bands, at 280 and 306 nm. The former
band has a vibrational nature, while the latter corresponds to
p-n conjugation of the benzene and pyrone cycles [72].

A special method based on direct spectrophotometry at
352 nm with the use of a working reference sample (WRS)
of xanthotoxin was developed for the quality control of
ammifurin. The accuracy of determination was increased by
the joint use of TLC and spectrophotometry. The TLC can be
performed on KSK, ., 5/40 silica gel eluted with a petroleum
ether — ethyl acetate (1 : 1) system. Then, the bands are cut
out, the compounds are eluted with ethyl alcohol, and the op-
tical density of eluate is determined at 352 nm [32, 73]. An
analogous procedure can employ chromatography on a paper
impregnated with a methanol solution of formamide and
eluted with a heptane — benzene (4 : 1) system.

Quantitative determination of peucedanin in plant mate-
rials and preparations is possible using TLC on a plate with
nonbonded silica gel eluted with a 1 : 2 mixture of petroleum
and diethyl ethers [43]. Then, the bands are eluted with etha-
nol, the optical densities of these solutions are measured at
298 nm, and the specific absorption coefficient is determined
and used to calculate the drug content. In this case, a signifi-
cant advantage of the UV spectrophotometry is the possibil-
ity to determine the presence of oreozoline (impurity), which
absorbs at 345 nm [74]. The quantitative determination of
pterixin in Libanotis densiflora and in the related preparation
(libaverin) can be performed using the following procedure:
TLC on KSK, silica gel in n-hexane — benzene — methanol
(5 :4:1) system; band elution with ethanol; optical density
measurements at 322 nm. The drug content is calculated us-
ing the specific absorption coefficient of pterixin.

Analogous chromatospectrophotometric methods were
developed for the quantitative determination of psoralen and
total furocoumarins in Psoralea drupacea (Bge.) with the
use of WRSs of psoralen and angelicin. Measurements of the
specific absorption coefficient of xanthotoxin can be used for
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the spectrophotometric evaluation of the quality of Pastinaca
sativa (L.) fruits [32].

The content of psoralen and bergapten in the drug furalen
can be quantitatively determined without preliminary separa-
tion of the total coumarins, using the optical density mea-
surements at 297.5 nm [43] or at two wavelengths [75]. The
latter principle was used for the analysis of fig tree Ficus
carica (L.) leaves and parent substance of psoberan and re-
lated preparations [76]. This method is based on a modified
chromatospectrophotometric procedure, whereby the total
furocoumarins are determined from the optical density at
298 nm, the content of psoralen is determined from the mea-
surements at 246 and 268 nm corresponding to the maximum
difference in the absorption intensity, and the content of
bergapten is calculated as the difference. This procedure em-
ploys the WRS of psoralen.

The UV spectrophotometric measurements can be used
for determining the molecular weights of coumarins and
furocoumarins [75, 77]. Using the UV spectra, it is possible
to identify coumarins isolated from plants [44, 48] and to
study their physiological functions [78]. The UV absorption
measurements were also used for evaluation of the
bioavailability of dicoumaron [79].

The polarographic method was used for the analysis of
ready-to-use preparations containing furocoumarins. This
technique is based on the reduction of the a-pyrone ring (at
the double bond in position 3,4) on the mercury dropping
electrode [80]. The results of investigations of the
physicochemical properties of natural coumarins were used
for the development of methods of qualitative, quantitative,
and functional analysis included in pharmacopoeial articles
for the parent substances of khellin, psoralen, visdnadin,
pastinacin, some raw plant materials, and ready-to-use prepa-
rations. In particular, the quality of Pastinaca sativa (L.)
fruits can be monitored using polarographic and chromato-
polarographic methods employing the WRS of xanthotoxin
[32]. A combination of polarography and chromatography
was also used to study the chemical composition of the
coumarin fraction in some plants and natural products [81].
A polarographic method was used for the quantitative deter-
mination of coumarin and cinnamic acid used as stabilizers
in a PBS injection solution [82]. An advantage of
polarographic methods is the possibility of rapid and reliable
determination of total coumarins without their preliminary
isolation. However, the high sensitivity of this technique to
various electrochemically active impurities makes necessary
thorough preparation of sample solutions. Unfortunately, at
present, polarographic methods are practically not used for
the determination of coumarins.

Fluorescent analysis can be used for the determination of
coumarins and furocoumarins because many of them exhibit
characteristic (yellow, green, blue, or violet) fluorescence in
the visible and UV spectral regions in neutral alcohol solu-
tions, in alkali solutions, and in concentrated sulfuric acid
under UV excitation. The fluorescence is less pronounced in
acid medium but is enhanced due to the formation of a
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quinoid structure in the alkali medium. It was suggested to
identify coumarins in phytochemical preparations using the
Stokes shift and the position of the fluorescence peak [83].
Fedorin [84, 85] measured the fluorescence spectra of
coumarins and furocoumarins and established a linear rela-
tion between the peak intensity and concentration, which
made possible the use of fluorodensitometry for the quantita-
tive determination of furocoumarins (psoralen and angelicin)
in ready-to-use preparations of psoralen. The formation of
fluorescent compounds by components of the ammifurin,
beroxan, and pastinacin preparations in a bromine-saturated
alkali solution was employed for their identification using
fluorescence excitation (380 nm) and emission (480 nm)
peaks [86].

A fluorimetric method was developed for the quantitative
analysis of furocoumarins in Pastinaca sativa (L.) fruits us-
ing the excitation at 350 nm and the emission at 470 nm. An
analogous method was proposed for determining khellin, a
structurally close coumarin analog, in Ammi visnaga (L.
Lam.) fruits [32].

A selective fluorimetric procedure was proposed for the
quantitative determination of neodicoumarin via sequential
treatment of the sample solution in DMF by ammonia solu-
tion and saturated magnesium chloride solution in the same
solvent [87].

The fluorescence of coumarin derivatives depends on the
concentration of hydrogen ions. For this reason, knowledge
of changes in the color and intensity of fluorescence at vari-
ous pH for coumarins with different structures is necessary
for reliable use of the fluorimetric techniques. Data on the
character of fluorescence for 98 coumarin derivatives were
reported by Goodwin and Cavanaugh [88]. However, quanti-
tative fluorimetric analysis did not find application because
the linear dependence of the fluorescence intensity on the
concentration of coumarins is not always clearly manifested.

It was reported that 7-(2-bromoethoxy)coumarin can be
used as a fluorescent label for the quantitative fluorimetric
analysis of drugs with molecules containing tertiary nitrogen
atom [89]. Fluorescent microscopy can be used for the local-
ization and quantitative determination of hydroxylated
coumarin derivatives playing the role of photoprotectors in
Dasycladis vermicularis (Scopoli) Krasser algae [5]. An-
other interesting fluorimetric method proposed for the rapid
analysis of coumarin in fuels is based on the reaction of alka-
line hydrolysis with formation of o-coumarinate ions and
their subsequent conversion into o-coumarate ions exhibiting
intense fluorescence [90].

Paper chromatography is most frequently used in com-
bination with other physicochemical analytical techniques.
Fore example, separation of total coumarins by paper chro-
matography (petroleum ether; DMF in acetone) followed by
polarographic determination was used for the analysis of
coumarins in Pastinaca sativa (L.) fruits and the drug
beroxan [32]. A combination of paper chromatography with
photocolorimetric measurements based on the reaction with
dinitrided sulfanilic acid was used for the analysis of

A. V. Lozhkin and E. I. Sakanyan

furocoumarins in Psoralea drupacea (Bge.) [91], psoralen
and bergapten in Ficus carica (L.) leaves [92], and psoralen
in some umbellate species. A significant disadvantage of pa-
per chromatography is the time-consuming procedure and
the need for concentrating extracts because of the low sorp-
tion capacity of this chromatographic medium [60].

Thin-layer chromatography is free of many disadvan-
tages inherent in paper chromatography. TLC provides a
quite rapid separation of components in a sample mixture
and, similar to paper chromatography, can be used for the
identification of coumarins in various samples. Joint
TLC — colorimetric methods based on the azo-addition reac-
tion with TLC separation on an aluminum oxide layer eluted
in the hexane — benzene — methanol (5:4: 1) system were
developed for the quantitative determination of peucedanin
in Peucedanum morrissonii (Bess.) [93] and for the analysis
of beroxan, pastinacin, and psoralen preparations [31].
Colorimetric determination of xanthotoxin, imperatorin, and
bergapten in Ammi majus (L.) fruits can be performed after
TLC separation on silica gel impregnated with formamide
and eluted in dibutyl ether. In order to determine psoralen
alone and together with bergapten in Ficus carica (L.)
leaves, the extract was purified from ballast substances and
chromatographed in a thin layer of aluminum oxide in di-
ethyl ether, after which the bands were analyzed by UV
spectrophotometry [60]. Two-dimensional TLC on silica gel
eluted in hexane —carbon tetrachloride — tert-butylamine
(180:12:9) and hexane — toluene — ethyl acetate — acetic
acid (100:10:10:0.5) in combination with spectrophoto-
metry can be used for the determination of bergapten.

In the recent decade, tasks related to the isolation of
coumarins and the quality control of related preparations
were most frequently solved using GC and HPLC tech-
niques.

Gas chromatography (GC) was predominantly used for
the identification and quantitative analysis of furocoumarins
in preparations and raw plant materials. Investigations of the
chromatographic behavior (retention times) of substituted
furocoumarins revealed the following general laws: (i) on
passage from hydroxy- to methoxycoumarins, the retention
time decreases (because of reduced adsorption via hydrogen
bonds); (ii) furocoumarins with O-alkyl substituents at C, are
eluted after 8-hydroxy isomers; (iii) the logarithm of the rela-
tive retention time is a linear function of the molecular
weight [73]. These GC data can be used for determining the
structure and estimating the retention time of analogous
coumarins [94]. GC was successfully used for determining
psoberan in parent substances [95].

A procedure developed for the analysis of coumarins in
Phlojodicarpus sibiricus roots and the drug phloverin em-
ploys extraction with chloroform and GC measurements us-
ing an absolute calibration technique in comparison to the
WRS of phloverin. It was found that dihydrosamidin and
visnadin are eluted in a common symmetric peak. Their sep-
arate determination is possible upon the conversion of salts
(formed in the course of alkaline hydrolysis) into free acids,
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which are extracted with ether and measured by GC [32]. An
analogous method was used for the analysis of Ammi majus
(L.) fruits and ammifurin preparation, according to which the
samples are extracted with ethyl alcohol and measured by
GC in comparison to the WRS of xanthotoxin [73]. GC was
also successfully used for the detection of coumarin and its
metabolites in the liver of experimental animals as well as in
the human liver [96].

High-performance liquid chromatography (HPLC) is
now most widely used for the analysis of coumarin and
furocoumarin derivatives. Opletal et al. [97] described the si-
multaneous determination of coumarins (scopoletin, daphno-
retin, umbelliferon) and cardiotonic glycosides in Coronilla
varia (L.) seeds. An analogous HPLC procedure was used to
study the effect of methoxsalen (xanthotoxin) on the metabo-
lism of nicotine [98].

Biavatti et al. [41] studied the dependence of the content
of coumarins in Mikania laevigata on the conditions of col-
lection, method of extraction, and the type of extractant.
HPLC in the isocratic mode was used for the separation
(without preliminary purification) and simultaneous qualita-
tive and quantitative determination of coumarins in the crust
of Aesculus hippocastanum (L.) [33] and for the quantitative
determination of coumarin in the leaves of Mikania
glomerata (Spreng) [57]. HPLC in the gradient mode with a
fluorescent detector was used for the separation of coumarins
in the study of their biochemical functions in the roots of
sunflower (Helianthus annuus L.) [42].

A very promising method is offered by the combination
of HPLC with mass spectrometry (MS). The HPLC/MS tech-
niques were developed for determining the indirect anticoag-
ulants [99] and rhodenticides [100] of the coumarin series
(4-hydroxycoumarin derivatives) in blood plasma in the
course of toxicological analysis. Another interesting example
is the use of chromatomass spectrometry for detecting
coumarins in tobacco products [101].

METHODS FOR THE ANALYSIS OF COUMARIN
DERIVATIVES STIPULATED BY FOREIGN
PHARMACOPOEIAS

A review of several foreign pharmacopoeias, including
the U.S. Pharmacopoeia (23rd Edition), European Pharmaco-
poeia (3rd Edition, Suppl. 2001), and British Pharmacopoeia
(16th Edition, 1998) showed that the number of coumarin-
based preparations is not large.

USP-XXIII includes articles on two furocoumarins (par-
ent substances of methoxsalen and trioxsalen), warfarin so-
dium (4-hydroxycoumarin derivative), related ready-to-use
medicinal forms, and novobiocin (an antibiotic standardized
by biological methods). All parent substances are repre-
sented by reference samples.

The identity of preparations is verified using IR and UV
spectroscopy, HPLC, TLC (with reference samples), melting
points, and characteristic sodium ion reaction. The quantita-
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tive determination is performed by HPLC. The dissolution
test for capsules and methoxalen solution is performed using
UV spectrophotometry at 252 nm [102].

BP-98 [56] includes articles on fig (Ficus carica) fruits,
which contain various substituted furocoumarins, and on
three parent substances of synthetic coumarin derivatives
(acenocoumarol (nicoumalone), warfarin sodium, and warfa-
rin sodium clathrate). The identification of acenocoumarol
(parent substance and tablets) is performed using IR spec-
troscopy in comparison to the reference sample. Tablets are
quantitatively analyzed using UV spectrophotometry in com-
bination with dinitriding and azo-addition reactions. The
tests for related compounds is performed by TLC. The parent
substance is determined using an alkalimetric technique (al-
ternatively, spectrophotometry at 306 nm). The quality of
Ficus carica fruits is determined by the content of water-sol-
uble extractable substances.

The quality of warfarin sodium according to BP-98 is
checked using the same method as that stipulated by the Eu-
ropean Pharmacopoeia [103], which also contains a particu-
lar article on coumarin as a reactant (Coumarin R).

METHODS FOR COUMARIN DETERMINATION
IN YELLOW SWEET CLOVER

We suggest isolating the total coumarins from YSC grass
(Melilotus officinalis L. Pall.) by extraction with aqueous
ethanol solutions of various concentrations, followed by pu-
rification with chloroform. The qualitative composition of
coumarins was determined using various chromatographic
techniques (paper, TLC, HPLC), which showed that YSC
grass contains no less that six compounds belonging to the
class of coumarins, including 2H-1-benzopyran-2-one,
umbelliferon, and scopoletin. The analysis of a dry extract
revealed four coumarins. Unsubstituted coumarin predomi-
nates both in medicinal forms and in the dry YSC extract
[29, 104].

The qualitative analysis of coumarin derivatives con-
tained in the dry YSC extract and related preparations
(melilotin tablets, ointments, flokramel) can be performed
using both chemical techniques and physicochemical meth-
ods.

Chemical methods for the identification of coumarins in
YSC grass include the conventional azo-addition reaction
with diazo component, lactone probe [4], and some other
color reactions. These reactions can be used either jointly
with paper chromatography and TLC, or separately — by di-
rect interaction with the extract.

The qualitative determination of total coumarins is expe-
diently performed by TLC on Sorbfil plates eluted in a ben-
zene — ethyl acetate (1 : 2) system, followed by the treatment
of the plate with an ethanolic alkali solution, and the bands
are identified using mobilities (R) and the characteristic yel-
low color. However, as was noted above, the reaction with
diazo compounds is not specific of coumarins and the R, val-
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ues are not always reproduced. For this reason, it is expedi-
ent to perform TLC in comparison to the WRSs of predomi-
nating compounds.

In the case of UV spectrophotometric analysis, couma-
rins are identified by the presence of absorption bands at cer-
tain specified wavelengths. HPLC analysis is based on the
determination of retention parameters. Using these tech-
niques, methods have been developed for the simultaneous
qualitative and quantitative analysis of dry YSC extracts and
melilotin tablets. The quantitative determination of the total
coumarins in YSC grass can be performed by gravimetric,
titrimetric, and photocolorimetric analysis, UV spectrophoto-
metry, and chromatography (HPLC) [104]. The total content
of coumarins in YSC grass can be also estimated using UV
spectrophotometry. The extraction is performed by ethyl al-
cohol without preliminary purification. The total content of
coumarins is determined with recalculation for the specific
absorption coefficient at 275 nm. The totalf coumarins in
YSC extracts can also be determined either directly, using
spectrophotometric measurements at 305 nm and the specific
absorption coefficient of scopoletin [24], or upon reactions
with an alkali solution and freshly prepared solution of
dinitrided sulfanilic acid [105].

For dry YSC extracts and melilotin tablets, the test for
identity can be combined with the quantitative analysis of
coumarins by means of reverse-phase HPLC with UV detec-
tor and coumarin (WRS) as the internal standard. The com-
ponents are identified using retention chromatograms and the
relative optical densities A(254/220), A (317/254), and
A (317/220) [106].
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