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The use of information theory and numerical taxonomy methods for evalu-
ating the quality of thin-layer chromatographic separations of flavonoid
constituents of Matricariae flos
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A methanol extract of Matricariae flos was analysed with regard to the flavonoid composition. Rational selection of a
restricted set from eight chromatographic systems tested for the separation of these compounds is discussed. Series of
mathematical techniques for the evaluation of solvents and solvent combinations in thin-layer chromatography of flavo-
noid constituents have been explored. The chromatographic systems are classified according to their mutual resemblance
by numerical taxonomy techniques. The selection criterion in the groups, obtained by numerical taxonomy classification,
is the information content or the discriminating power. The most suitable mobile phases for TLC separation of flavonoid

constituents of Matricariae flos are:

ethylacetate-methanol-water (75:15:0 v/v),

ethylacetate-formic acid-water

(80:10:10 v/v) and ethylacetate-formic acid-acetic acid-water (100:11:11:27 v/v).

1. Introduction

Matricariae flos (Chamomilla recutita (L.) Rauschert) is a
well known plant remedy with antiphlogistic and spasmo-
lytic properties. While the first property is attributed pri-
marily to the essential oil components, its flavonoid con-
stituents are responsible for the spasmolytic activity of
chamomile flowers. By the end of the 1970s approxi-
mately thirty flavonoid glycosides or aglycones had been
identified as chamomile constituents [1-7]. A number of
papers have documented both the spasmolytic [8—12] and
antiphlogistic activity [13, 14] of chamomile extract or of
particular flavonoids. From the pharmacological point of
view, apigenin derivatives predominate in comparison to
those of luteolin and quercetin. The interest in flavonoids
as a part of the bioactive chamomile complex has resulted
in development of methods for the qualitative and quanti-
tative analysis of these compounds in the drug and phyto-
preparations [15-18].

However, flavonoids are not only the active principle of
chamomile but can also serve as specific analytical mar-
kers in the differential TLC analysis of various drug sam-
ples and adulterants. Therefore, the selection of the most
efficient chromatographic system is of great interest.

In our previous paper we reported the results of testing
the efficiency of a number of TLC mobile phases for the
separation of the components of chamomile essential oil
[19]. Using the same methods, i.e. information theory and
numerical taxonomy methods we have now tested the effi-
ciency of mobile phases appropriate for the thin-layer
chromatography of flavonoid constituents of Matricariae
flos.

2. Investigations, results and discussion

The efficiency of eight mobile phases for TLC separation
of chamomile flavonoids was tested using the following
procedures:

e determination and comparison of discriminating power
(DP) and information content (I) for each solvent system
and combinations of two and three chromatographic sys-
tems.

e division of chromatographic systems into groups with
similar separation properties and selection of the most effi-
cient chromatographic systems from each group.
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Table 1: Mobile phases for TLC of chamomile flavonoids

System No. Mobile phase Ref.

1 Ethyl acetate-methylethylketone-formic [20]
acid-water (50:30:10:10 v/v)

2 ethyl acetate-methanol-water *
(75:15:10 v/v)

3 ethyl acetate-formic acid-water [21]
(80:10:10 v/v)

4 ethyl acetate-formic acid-water [22]
(100:20:30 v/v)

5 ethyl acetate-formic acid-acetic acid-water [23]
(100:11:11:27 v/v)

6 n-butanol-acetic acid-water [24]
66:17:17 viv)

7 ethyl acetate-methanol-formic acid-water — *
(75:10:5:10 v/v)

8 ethyl acetate-acetic acid-water *

(80:10:10 v/v)

* own modification

Some of the mobile phases listed in Table 1 were taken
from the literature [20—24] while the others were created
by modifying the polarity of known systems. Table 2 pre-
sents input data for Rp values of separated substances in
eight mobile phases tested.

Table 3 gives the output data of DP and I for each mobile
phase for each of two error factors, E=0.03 and
E =0.05. The selection of the most suitable mobile
phases is based on the highest values of DP and I. Thus,
from Table 3, mobile phases 2 (ethylacetate-methanol-
water 75:15:10v/v) and 3 (ethylacetate-formic acid-
water 80:10:10 v/v) possess the best chromatographic
properties (DP, =0.969, I, =3.585 and DP; = 0.969,
I3 = 3.252).

Further, for combinations of two mobile phases (Table 4a;
K =2; E=0.03) the highest values of DP (DP = 1.000)
and the smallest value of T (T = 1.000) occur with the
first three combinations. Mobile phase 2 appears in each
of them as well as in another four combinations. At error
factor E=0.05 the best values are given by mobile
phases 2 and S (ethylacetate-formic acid-acetic acid-water
100:11:11:27 v/v). In addition, six combination se-
quences contain mobile phase 3.
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Table 2: Input data — Ry values of chamomile flavonoids and related compounds separated in mobile phases tested (1-8)

Component Mobile phase
(R values)
1 2 3 4 5 6 7 8
Herniarin 0.94 0.85 0.93 0.94 0.94 0.90 0.91 0.92
Flavonoid 1 0,89 0.71 0.83 0.90 0.88 0.82 0.84 0.69
Apigenin-7-diacetylglucoside 0.85 0.72 0.77 0.87 0.83 0.80 0.81 0.66
Apigenin-7-acetylglucoside 0.85 0.67 0.77 0.87 0.83 0.80 0.81 0.63
Flavonoid 2 0.79 0.62 0.69 0.87 0.83 0.80 0.81 0.49
Apigenin-7-glucoside 0.67 0.58 0.56 0.72 0.68 0.74 0.66 0.42
Luteolin-7-glucoside 0.60 0.55 0.48 0.64 0.59 0.69 0.58 0.34
Chlorogenic acid 0.47 0.48 0.35 0.52 0.48 0.64 0.47 0.26
Flavonoid 3 0.44 0.40 0.32 0.49 0.46 0.60 0.46 0.24
Rutin 0.42 0.36 0.28 0.46 0.43 0.56 0.42 0.20
Flavonoid 4 0.36 0.32 0.23 0.41 0.37 0.48 0.36 0.16
Flavonoid 5 0.38 0.24 0.17 0.34 0.39 0.41 0.29 0.18
Table 3: Output data of discriminating power (DP) and aver- Table 5: Cluster formation
age information content (I) for each mobile phase

Cluster Mobile phase Mobile phase Distance
Mobile phase  Error: E = 0.03 Error: E = 0.05

1 1 5 0.0163

bp I (bit) DP I (bit) 2 1 6 0.0312

3 1 4 0.0454
1 0.954 3.085 0.924 3.085 4 1 4 0.0872
2 0.969 3.585 0.909 3.252 5 2 3 0.0886
3 0.969 3.252 0.939 3.252 6 2 3 0.1289
4 0.893 3.022 0.878 2.752 7 1 2 0.2024
5 0.924 2.855 0.893 2.855
6 0.893 2.752 0.893 2.752
7 0.893 3.022 0.893 2.752

The list of combinations of three mobile phases with the
corresponding DP and T values is presented in Table 4b.
It is seen that at error factor E = 0.03 all the combination

Table 4: Output data of DP values and T values for K =2
and K=3

(a) combination of two mobile phases; K =2 4
Combination  Error: E = 0.03 Error: E = 0.05
sequence l
Mobile DP T Mobile DP T 024 .
phases phases
1 2,5 1.000 1.000 2,5 0.984 1.167
2 2,3 1.000 1.000 7,8 0.969 1.333
3 1,2 1.000 1.000 6,8 0.969 1.333
4 3,8 0.984 1.000 4,8 0.969 1.333
5 2,8 0.984 1.000 3,7 0.969 1.333 045
6 2,7 0.984 1.000 3,6 0.969 1.333 °
7 2,6 0.984 1.000 3,5 0.969 1.333 H
8 2,4 0.984 1.000 3,4 0.969 1.333 B
9 7,8 0.969 1.000 2,3 0.969 1.333 a
10 6, 8 0.969 1.000 1,3 0.969 1.333
0.1
(b) combination of three mobile phases; K =3
Combination Error: E = 0.03 Error: E = 0.05
sequence
Mobile DP T Mobile DP T
phases phases
0.054
1 2,5, 8 1.000 1.000 57,8 0.985 1.167
2 2,5,7 1.000 1.000 5,6, 8 0.985 1.167
3 2,5,6 1.000 1.000 4,5,8 0.985 1.167
4 2,4,5 1.000 1.000 3,7,8 0.985 1.167
5 2,3, 8 1.000 1.000 3,6,8 0.985 1.167
6 2,3,7 1.000 1.000 3,5,8 0.985 1.167 L
7 2,3,6 1.000 1.000 3,4,8 0.985 1.167 | 2 3 4 5 6 7 8 -
8 2,3,5 1.000 1.000 2,5,8 0.985 1.167
9 2,3,4 1.000 1.000 2,5,7 0985 1.167 TLC systems
10 1,2,8 1.000 1.000 2,5,6 0.985 1.167

Fig.: Dendrogram for eight TLC system
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sequences possess the maximum discriminating power
(DP = 1.000) and the number of chromatographically si-
milar compounds is minimal (T = 1.000). Every combina-
tion appears to contain mobile phase 2 which is almost
invariably followed by mobile phases 3 or 5. At the error
factor E = 0.05, mobile phase 2 together with mobile
phase 5 will be noticed in three combination sequences.
Moreover, mobile phase S appears in another four combi-
nation sequences at K = 3.

Finally, the results obtained were confirmed by cluster
analysis (Table 5) of chromatographically similar mobile
phases. According to the dendrogram (Fig.) mobile phases
2 and 3 should be chosen from cluster 1 and mobile
phase 5 from cluster 2 respectively.

3. Experimental

3.1. Materials

The specimen (Matricariae flos) originated from cultivated chamomile
(PPK Kutjevo, Croatia). Air-dried and coarsely powdered plant material
was refluxed with 10 ml methanol for 10 min and filtered. The filtrate was
concentrated under reduced pressure and the residue dissolved in 5 ml
methanol.

Reference substances were apigenin-7-glucoside, apigenin-7-(6"-O-acetyl)-
glucoside, apigenin-7-(6”-O-diacetyl)-glucoside, luteolin-7-glucoside and
quercetin-3-rutinoside (rutin) (C. Roth, Karlsruhe, Germany). 5-10 mg of
each reference substance were dissolved in 10 ml methanol.

All solvents were of analytical grade, purchased from Chemica (Zagreb,
Croatia).

3.2. Methods
3.2.1. Thin-layer chromatography

Precoated 20 x 20 cm silica gel 60 Fs4 TLC plates (Merck, Darmstadt,
Germany) were used. 5 ul volumes of drug extract (test solution) and refer-
ence solutions were applied as bands. Development was in the linear as-
cending mode at room temperature in chambers saturated with mobile
phase. The eight mobile phases tested are given in Table 1. The chromato-
grams were dried in a stream of air. Visualisation of the flavonoids was
achieved by spraying the sheets with 1% methanolic diphenylboryloxy-
ethylamine, oversprayed with 5% methanolic polyethylene glycol 400. The
chromatograms were evaluated in UV 365 nm light. Derivatives of apigen-
in and quercetin appeared as yellowish and orange fluorescent bands re-
spectively, while herniarin and chlorogenic acid gave blue fluorescent
zones.

3.2.2. Mathematical methods

The mathematical methods described in the text below are applied in many
areas of science. They provide means for classification of “similar” objects
(for example, classification of plants, genes, diseases, etc.). Here we apply
them to analytical methods and to methods for identification of bioactive
compounds as evaluation tools (quality measures).

3.2.2.1. Calculation of the information content

Extensive information was calculated for eight TLC systems by Shannon’s
formula. Calculation of the information content would become possible if
the uncertainties before and after the analysis could be expressed in a
quantitative way.

Distributing of Rg values into groups with error factor E (e.g., E = 0.05 or
E = 0.10) with respect to units and assuming Rg values of ny in the k™
group, the average information content (entropy) is given by the following
Shannon equation [25, 26]

10 = HX) = -5 o 1d 2 [oig (1)

It is assumed that the compounds with Rg values within one group cannot
be distinguished. The system with the highest informational content gives
the best solution for the differentiation of the compounds considered. It is
obvious that the entropy is at its highest level, ie., Hpu(X)=
1d n(n = Zny) if there is only one Rg value within each group.

3.2.2.2. Determination of discriminating power (DP)

The DP of a set of chromatographic systems is defined as the probability
of identifying two randomly selected compounds in at least one of the
systems [27-30]. It must be possible to discriminate all pairs of N in order
to compute the DP of k chromatographic systems in which N compounds
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are investigated. For the total number of matching pairs (M), the probabil-
ity of a random selection of chromatographically similar pairs is 2M/
N(N — 1). Therefore, the DP of k systems is:

2M

DPy=1-——1
k N(N—1)

©)
The average number of chromatographically similar compounds (T) for the
chromatographic systems considered can be calculated from the following
equation [27]:

T=1+(N-1)(1-DP) 3)

3.2.2.3. Computation of taxonomic distances, cluster formation and den-
drogram

The optimal combination of two or more chromatographic systems for the
identification of a compound by TLC can be readily determined from the
taxonomic distances 31.

Cluster formation is carried out in three steps:

Step 1: Entering data. Identification characteristics (in our case Rp values)
are entered into a matrix (N x ISYST)

Step 2: Determination and evaluation of similarities of chromatographic
systems. Similarity is determined from taxonomic distances. For
two chromatographic systems k and I, taxonomic distance is given
by the equation:

)

Normalization (i.e., dividing the sums of squares by N) allows chromato-

graphic systems with some unknown N values to be included.

Step 3: Classification. Chromatographic systems with a high degree of re-
semblance are grouped into clusters. Cluster formation in this
work was carried out by a weighted pair group method [31, 32].
The smallest distance djx or highest correlation coefficient
(r > 0.95) between solvents j and k is selected: j and k are the
most similar solvent systems and are therefore considered to form
one group p’. The similarity coefficient between the new group p’
and all other phases (e.g. q) is calculated, e.g. for the distance, as
follows:

dip = 1/2(djp +djq) )

The total number of rows and columns in the resemblance matrix is, there-
fore, reduced to one. Step 3 is repeated as many times as necessary for all
chromatographic systems to form a common cluster. The procedure for
cluster formation is presented by a dendrogram [33-36]. The three ap-
proaches were compared applying our computer search program KT 1 37.

List of symbols

I(X) - average information content
H(X) — entropy
Hmax — maximal value of entropy

ny  — the number of compounds whose Rg is in k™ R interval

n — total number of compounds

E; — error of measurement of Rg of i compound (resolution)

DPy - Discriminating Power of analyzed systems divided in groups
containing k elements

M - total number of matching pairs

T — average number of chromatographically similar compounds

di; - normed distance between k™ and 1®

djy — distance between j™ and p'"
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