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Optimisation of thin-layer chromatographic analysis of
flavonoids and phenolic acids of Salviae folium*
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Salvia officinalis L. (Sage) is a ca. 70 cm tall subshrub belonging to the Lamiaceae fam-
ily. It is widely spread in the Mediterranean region, especially in the Adriatic. The leaves
of this plant are long-petiolate, 3-10 cm long and up to 3 cm wide, oval, oblong-ovate to
lanceolate, olive-gray and densely pubescent on both surfaces. The flowers are ca. 2 cm
long, mostly with a bluish violet corolla, arranged in whorls forming a loose spike (1).
The drug (Salviae folium) contains the essential oil (1-2.5%), tannins (3-7%), flavonoids,
phenolic acids, diterpenoid bitter substances and triterpenes (1-3). It is used as an anti-
phlogistic for the inflammation of mouth and throat, for gingivitis and stomatitis,
mainly in the form of a gargle but also as a tea for digestive complaints, flatulence, in-
flammation of the intestinal mucosa, in diarrhoea and as an antihydrotic (1). Thin-layer
chromatography (TLC) is more commonly used for the analysis of mixtures than for the
isolation of pure flavonoids (4). The main value of TLC in flavonoid investigation is a
rapid analytical method that requires very small amounts of material (5).
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In this paper, information theory and clustering methods have been used to evalu-
ate the efficency of eleven TLC systems for the separation of flavonoids and phenolic ac-
ids identified in a methanolic extract of Salviae folium (6-10).

EXPERIMENTAL

Materials

Leaves of Salvia officinalis were collected in August 1995 in Nakovanj. A voucher
specimen (No. 97252) was retained at the Department of Pharmacognosy, Faculty of
Pharmacy and Biochemistry, University of Zagreb, Croatia.

All solvents were of analytical grade, purchased from Merck (Germany). Standards
(apigenin, luteolin, caffeic acid and chlorogenic acid) were obtained from C. Roth (Ger-
many).

Extract solution. ~ Air-dried and powdered leaves of Salvia officinalis (1.0 g) were re-
fluxed with 10.0 mL methanol for 30 minutes, filtered and the filtrate concentrated un-
der reduced pressure and then residue taken up in 5.0 mL methanol (11).

Standard solution. ~ Apigenin, luteolin, caffeic acid and chlorogenic acid (10 mg of
each) were dissolved in 10 mL methanol.

Methods

Thin-layer chromatography (TLC). — TLC was performed on precoated 10 x10 cm TLC
silica gel 60 Fys4 sheets (thickness of layer 0.25 mm). The extract solution (5 uL) and the
standard solution (5 uL) were applied 15 mm from the bottom of the sheet as 10 mm
wide bands. The sheets were developed for 8 cm in paper-lined all-glass chambers
(Desaga, Germany) previously left to equilibrate for at least 30 minutes. The eleven TLC
systems used are given in Table I (11-17).

Visualisation of the flavonoids and phenolic acids was achieved by spraying the
sheets with 1% methanolic diphenylboryloxyethylamine, followed by 5% ethanolic
polyethylene glycol 4000. The chromatograms were evaluated in UV light at & = 366 nm
(flavonoids appeared as orange-yellow bands and phenolic acids as blue fluorescent
bands) (11). The structures of the flavonoids and phenolic acids identified in the metha-
nolic extract of Salviae folium are presented in Fig. 1.

Numerical methods

Calculation of the information content. — If the Ry values of the flavonoids and phe-
nolic acids are distributed into groups with an error factor E (e. g. E = 0.05 or E = 0.10) in
Rp units with the assumption of nRp values in the k-th groups, the entropy (average in-
formation content) is given by the Shannon’s equation (18, 19):

1X)= H(X):—Z':—:zdi::—' (bit) (1)

k

The entropy is the highest if there is only one R value, i.e. H,, (X) = ldn, within each
group.
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Table 1. The thin-layer chromatographic systems studied

System No. Solvents (V/V) Ref.
1 Ethyl acetate:formic acid:water 12
(8:1:1)
2 Ethyl acetate:formic acid:acetic acid:water 11
(100:11:11:27)
3 Ethyl acetate:formic acid:water 13
(65:15:20)
4 Ethyl acetate:formic acid:water 14
(67:20:13)
5 Ethyl acetate:formic acid:water 15
(88:6:6)
6 Ethyl acetate:formic acid:water 16
(30:2:3)
7 1-Butanol:acetic acid:water 11
(4:1:5), upper phase
8 1-Butanol:acetic acid:water 14
(66:17:17)
9 Chloroform:methanol:water 17
(6.5:3.5:1), lower phase
10 Ethyl acetate:methylethylketone:formic acid:water 13
(5:3:1:1)
11 Ethyl acetate:formic acid:acetic acid:methylethylketone:water 11

(50:7:3:30:10)

Determination of discriminating power (DP). — The discriminating power is a measure
of the effectiveness of chromatographic systems. Two flavonoids or phenolic acids are
chromatographically similar if the differences in their identification values do not ex-
ceed the error factor E (20).

The DP of a set of chromatographic systems is defined as a probability of identify-
ing two randomly selected flavonoids (or phenolic acids) in at least one of the systems.
It must be possible to discriminate all pairs of N compounds to compute the DP of k

OH
HO,_- | o 1 HO
\T HO CH=CH-COOH
Caffeic acid
HO COOH
9
HO CH=CH~-C—~0 fn

‘ OH

Luteolin Chiorogenic acid

Fig. 1. Structures of the identified compounds.
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rvonoids (or phenolic acids) are investigated. For
£1, the probability of random selection of chroma-
- 1). The DP of k systems is, therefore (21, 22):

pp,=1- M 2)
T NIN-1)

mber of chromatographically similar flavonoids or phenolic acids (T)
phic systems considered can be calculated from the equation (23):

THT

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

lation of taxonomic distances, cluster formation and dendrogram. — Taxonomy is de-
'z ed as the theoretical study of classification including its elementary principles, proce-
s and rules (6). Clustering deals with ways of classifying chromatographic systems
intor taxonomic groups based on Ry values. The mathematical basis of this procedure is
the formation of a matrix where the columns represent the TLC systems and the rows
the flavonoids (phenolic acids). The optimum combinations of two or more chroma-
tographic systems for the separation of flavonoids and phenolic acids by TLC can be de-
termined from the taxonomic distances (24). Taxonomic distance is inversely related to
similarity. The distance d;; between the systems j and k is equal to:

¥O(X, - X007
d”=[z ITk—} (4)

i

Chromatographic systems with high resemblance are grouped into clusters. Cluster
formation in this paper was performed by a weighted pair group method using the
arithmetic average (6).

The procedure for cluster formation is represented by a dendrogram (25-32). The

three approaches were compared by an application of our computer search programme
KT1 (25).

RESULTS AND DISCUSSION

Data set of Rp values for the separation of flavonoids and phenolic acids of the
methanolic extract of Salviae folium by eleven different solvent systems was analysed
(Table I).

Table II gives the input data (R values) for the flavonoids and phenolic acids inves-
tigated. Table Il gives output data for the discriminating power and the information
content for each TLC system. Table IV gives output data for combined systems K = 2 and
K'=3in a range of error factors. The error factors were E = 0.05 and 0.10, respectively.

Under the conditions most frequently used in chromatographic analyses, i.e. E =
0.05, the most suitable systems for separating the compounds studied are the systems 1
(ethyl acetate - formic acid - water 8:1:1 V/V) and 2 (ethyl acetate — formic acid - acetic
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Table 11. Input data: Ry values of flavonoids and phenolic acids of Salviae folium, and development time (t)

TLC system’ 1 3 4 5 6 78 9 10 1

t (min) 27 36 38 46 30 a5 10 97 25 3 3
Comgound Rp values

Apigenin 095 095 095 09 093 090 086 089 099 055 595
Luteolin 094 094 091 095 090 088 082 08 098 094 0
Caffeic acid 089 089 089 09 085 084 075 079 095 093 (o
Flavonoid 1 082085 083 08 075 071 070 075 091 08 o5
Flavonoid 2 075 075 075 083 05 057 070 075 090 080 o070
Flavonoid 3 061062 062 080 038 037 066 070 085 063 0.5
Flavonoid 4 050050 050 075 030 030 066 067 08 050 054
Chlorogenic acid 042 038 038 065 023 023 061 0.3 075 047 047
Flavonoid 5 029 024 030 056 020 018 050 047 068 040 040
Havonoid6 013 010 010 045 o011 010 037 035 050 025 025

* Copies of chromatograms can be obtained from the authors on request

Table III. Output data for DPand 1in q range of error factors (E) for each TLC system

%Error factor E = 0.05 E =0.10 ]

_ TLC-system DP 1 (®iv DP I (bit)
1 0.978 3.122 0.867 2.722
2 0.978 3.122 0.889 2.922
3 0.956 3.122 0.844 2.922
4 0.889 3.122 0.733 2.446
5 0.933 3.122 0.844 2.722
6 0.933 3.122 0.844 2.646
7 0.844 2.522 0.644 1.961
8 0.867 2,922 0.689 2.171
9 0.844 2.722 0.600 2,046
10 0.933 2.922 0.844 2.646
11 0.933 3.122 0.844 2.646

= 3122 084 2646

acid - water 100:11:11:27 V/V) because they have the largest discriminating power (DP =
0.978) and furnish high information content (I'=3.122). For E = 0.10, system 2 seems to
be the most appropriate owing to its largest discriminating power (DP = (.889) and high
information content (I = 2.922).

Combining two chromatographic systems with the error factor E = 0.05, the combi-
nations of systems 2 and 10, and 1 and 10 are the best, because they have the highest DP
value (1.0000) and the smallest number of chromatographically similar compounds (T =
1.000). At E = 0.10, the first two combinations (DP = 0.9333; T = 1.600) contain System 2.

In a series of three systems, regardless of the error factor E, the TLC system 2 is also
found in the first ten combinations.

The same results were obtained by cluster formation (Table V) and from the dendro-
gram (Fig. 2). The systems 1 and 2 are very similar, since the distance between them is

89




Z. Male and M. Medié-Sari¢: Optimisation of thin-layer chromatographic analysis of flavonoids and phenolic acids of Safviae folium,

Acta Pharm. 48 (1998) 85-92.

Table 1V. Output data for DP and T for combined TLC systems - K =2 and K = 3

Combination E =005 E=010
sequence TLC-systems Dp T TLC-systems DP T
1. 2,10 1.000 1.000 2,06 0.933 1.600
2. 1,10 1.000 1.000 2,5 0.933 1.600
3. 10, 11 0.978 1.200 7,10 0.911 1.800
4. 8, 11 0.978 1.200 6,7 0.911 1.800
K=2 5. 7,11 0.978 1.200 57 0.911 1.800
6. 7,10 0.978 1.200 3,7 0.911 1.800
7. 6,10 0.978 1.200 3,6 0.911 1.800
8. 6,8 0.978 1.200 3,5 0.911 1.800
9. 6,7 0.978 1.200 2,11 0.911 1.800
10. 5,10 0.978 1.200 2,10 0.911 1.800
1. 8,10, 11 1.000 1.000 3,67 0.956 1.400
2. 7,10, 11 1.000 1.000 3,57 0.956 1.400
3. 6,8, 10 1.000 1.000 2,6,7 0.956 1.400
4. 6,7,10 1.000 1.000 2,57 0.956 1.400
K=3 5. 58,10 1.000 1.000 7,10, 11 0.933 1.600
) 6. 57,10 1.000 1.000 6,7, 11 0.933 1.600
7. 3,8,10 1.000 1.000 6,7,10 0.933 1.600
8. 3,7,10 1.000 1.000 5711 0.933 1.600
9. 2,10, 11 1.000 1.000 5,7, 10 0.933 1.600
10. 2,9,10 1.000 1.000 4,7,10 0.933 1.600
Table V. Formation of clusters
Cluster Solvent Solvent Distance

1 1 3 0.019

2 1 2 0.022

3 3 4 0.024

4 4 5 0.034

5 6 7 0.036

6 2 5 0.066

7 1 5 0.073

8 2 4 0.134

9 1 3 0.153

10 -1 2 0.225

very small. If the criterion for the evaluation of systems is the development time, the

systems 1 and 2 are the most favourable again due to their short development time.

CONCLUSION

Optimisation procedures are widely used in the development of different analytical

methods. Thin-layer chromatography is one of the methods by which different che-
mometrical methods are used most frequently. In this paper, numerical methods are ap-
plied for evaluation and selection of optimum system and combinations of systems in
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Distance

sEaninnnl

1 3 2 10 i 5 6 7 8 4 9

Fig. 2. Dendrogram for eleven TLC systems. TLC systems

the TLC of flavonoids and phenolic acids of Salviae folium. The most suitable systems for
TLC of investigated compounds are: ethyl acetate — formic acid - acetic acid — water
(100:11:11:27 V/V) and ethyl acetate - formic acid — water (8:1:1 V/V).
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SAZETAK

Optimiranje postupka za identifikaciju flavonoida i fenolnih kiselina lista kadulje
(Salviae folium) tankoslojnom kromatografijom

ZELJAN MALES i MARICA MEDIC SARIC

Metoda tankoslojne kromatografije primijenjena je za odjeljivanje flavonoida i fe-
nolnih kiselina’lista kadulje (Salvige folium). U tu svrhu izracunati su srednji vlastiti
sadrZaj informacije (I) i koeficijenti razlikovanja (DP) za 11 kromatografskih razvijaca.
Sli¢ni razvija¢i svrstani su u skupine razlicitih identifikacijskih svojstava. Rezultati do-
biveni primijenjenim numeri¢kim postupcima bili su vrlo sli¢ni. Najprikladniji razvijaci
za odjeljivanje istraZivanih spojeva jesu: etilacetat ~ mravlja kiselina - ledena octena
kiselina — voda (100:11:11:27 V/V) i etilacetat — mravija kiselina - voda (8:1:1 V/V).

Kljuéne riject: Salviae folium, tankoslojna kromatografija, flavonoidi, fenolne kiseline, numeri¢ki pos-
tupci, klasteri
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