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Prostanorm is a multi-component Russian herbal drug comprising a mixture of the extracts of St. John’s wort

(Hypericum perforatum L.), goldenrod (Solidago canadensis L.), licorice root (Glycyrrhiza glabra L.), and

purple coneflower (Echinacea purpurea L. Moench) rhizomes and roots in equal amounts. An HPLC method

for qualitative analysis of the components in the mixed phytopreparation and extracts of all individual raw

materials has been developed. The optimum chromatographic conditions for HPLC determination of compo-

nents of the herbal drug have been determined. Components of the mixed extract are satisfactorily separated

and resolved by using an octadecylsilane adsorbent and gradient elution with a mixture of acetonitrile, metha-

nol, phosphate buffer, and dimethylformamide. HPLC analysis was optimized according to chromatographic

parameters. The basic biologically active components of the herbal mixture and individual extracts of all

herbs were identified. The proposed method ensures determination of the identity of the herbal drug

Prostanorm in the form of liquid extract for peroral administration.

Key words: Prostanorm phytopreparation, HPLC, determination of drug components, identity, qualitative

analysis.

Prostanorm is an original Russian drug obtained as a

50% aqueous—EtOH extract of a mixture of equal amounts

of the four medicinal plants St. John’s wort (Hpyericum

perforatum L.), goldenrod (Solidago canadensis L.), licorice

root (Glycyrrhiza glabra L.), and rhizomes and roots of pur-

ple coneflower [Echinacea purpurea (L.) Moench] [1].

Prostanorm is used as an anti-inflammatory and diuresis-nor-

malizing agent to treat chronic nonspecific prostatitis [2].

The multi-component composition of the preparation and the

presence of several biologically active compounds of various

chemical natures complicate its analysis and standardization.

The goal of the present study was to develop an opti-

mized method for separating the multi-component mixture

contained in Prostanorm and to identify the principal compo-

nents.

EXPERIMENTAL PART

We used Prostanorm preparation as the aqueous—alco-

hol extract (liquid extract ZAO FPK FarmVILAR) and aque-

ous—alcohol extracts (70% EtOH) of St. John’s wort, gold-

enrod, licorice root, and purple coneflower rhizomes and

roots. The standards were hyperoside (Merck); rutin, the am-

monium salt of glycyrrhizic acid (glycyram), chlorogenic

acid, caffeic acid, and chicoric acid (Sigma); quercetin

(Acros Organics); liquirazide (GNTsLS, Kharkov); liquiritin

(VILAR, Moscow); kaempferol (Fluka); ascorbic acid

(Marbiofarm); caftaric acid, 3,4-dihydroxybenzoic acid,

trans-ferulic acid, 2-hydroxycinnamic acid, and cinnamic

acid (Sigma); naringenin (Acros Organics); naringenin-5-

glucoside (VILAR); and potassium dihydrophosphate (anal.

pure, Avogadro). The solvents were EtOH (96.6%) and

MeOH (Merck); CH
3
CN (HPLC, Lab-Scan); glacial acetic

and orthophosphoric acids (high purity, Reakhim); DMF
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(pure, ZAO EKOS-1); and distilled and de-ionized H
2
O. UV

spectra were recorded on a Cary 100 (Varian) spectrophoto-

meter. Chromatographic analysis was performed on a Prostar

230 liquid chromatograph with a Prostar 325 UV detector

(Varian) and Luna C18 column (5 ìm) at flow rate 1 mL/min.

Chromatographic parameters were calculated as before [3].

RESULTS AND DISCUSSION

Prostanorm is a complicated multi-component mixture of

compounds of various polarities. Such a heterogeneous com-

position presents significant challenges for direct and simul-

taneous analysis by HPLC of the various groups of com-

pounds in the analyte. HPLC was used earlier to analyze and

standardize extracts of Echinacea [4], licorice [5 – 7], St.

John’s wort [8, 9], and goldenrod [10]. We used the compo-

nents determined in these studies and in other literature

sources as “references” for establishing the composition of

the phytopreparation.

Problems with sample preparation, detection, and opti-

mization of the chromatographic separation had to be solved

in order to determine simultaneously all components of the

complicated mixture contained in the phytopreparation. Vari-

ous versions of Prostanorm sample preparation for analysis

were tested. These included liquid extraction by nonpolar

and polar solvents and solid-phase extraction on sorbents of

various natures with gradient elution. The studies showed

that not one of the methods could extract and concentrate the

whole sum of phytopreparation components. Therefore, liq-

uid extract of Prostanorm that was diluted 50 times with

EtOH (50%) was injected directly into the chromatograph

for simultaneous chromatographic analysis.

Spectrophotometric analysis of potential reference com-

pounds and aqueous-alcohol extracts (70% EtOH) of St.

John’s wort, goldenrod, licorice root, and purple coneflower

rhizomes and roots that were prepared under conditions anal-

ogous to the processing ones showed that the majority of the

samples had absorption bands or a shoulder in the range

240 – 270 and 310 – 330 nm. Based on this, the analysis was

performed at two analytical wavelengths (255 and 320 nm).

Two types of sorbents, octadecylsilane and cyanopropyl-

silane, were used in both isocratic and gradient elution

modes during development and optimization of the chroma-

tographic method for simultaneous determination of the

preparation components. An analysis of the chromatograms

under comparable conditions showed that a slightly more ef-

ficient separation was achieved over octadecylsilane

sorbents. The mobile phase was selected under reversed-pha-

se conditions taking into account several factors such as the

choice of organic component, acid modifier, and gradient

elution conditions. A search for the best combination of chro-

matographic conditions indicated that a complicated mo-

bile-phase composition and gradient elution regime were re-

quired for analysis of all components of Prostanorm prepara-

tion liquid extract.

Phosphate buffer (0.1% H
3
PO

4
and 0.02M KH

2
PO

4
, pH

3) was used to maintain the acidity of the mobile phase and

suppress dissociation of phenolic and carboxylic groups of

mixture compounds. This helped to improve the peak shapes

and resolution. The principal eluting component of the mo-

bile phase was CH
3
CN. Methanol and DMF (the latter was

added to phosphate buffer at 0.15 vol%) were used to in-

crease the selectivity of the chromatographic system. The

mixture components were separated best under gradient con-

ditions (Table 1).

Chromatograms of Prostanorm preparation extracts ex-

hibited 92 peaks (Figs. 1 and 2), the majority of which were

typically weak.

Table 2 presents the chromatographic parameters charac-

terizing this method. The capacity coefficients k� for all

peaks with the exception of the first two and last four were

located in the optimum range. Peaks of all compounds were

symmetric even for k? reaching values 10.6 – 12.2. The effi-

ciency of the chromatographic column (N) for the majority

of the peaks was high, especially at the end of the elution
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TABLE 1. Gradient Elution Conditions for Prostanorm Liquid Ex-

tract

Elution

time, min

Mobile phase composition

acetonitrile methanol

phosphate

buffer + dimethylfo

rmamide

0 5 5 90

4 10 10 80

12 15 15 70

22 25 15 60

32 45 15 40

40 95 0 5

45 95 0 5
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Fig. 1. Chromatogram of Prostanorm liquid extract preparation.

Along the abscissa, time (min); along the ordinate, optical density.

Analytical wavelength 255 nm. Analytical conditions given in the

text. Peak numbers correspond to compound numbers in Table 2.



when the CH
3
CN concentration increased sharply. The selec-

tivity parameters (a) and resolution (R
S
) that were calculated

for pairs of major compounds that could be used as indica-

tors (e.g., caftaric—chlorogenic acids, a = 1.11, R
S

= 1.6;

rutin—chicoric acid, a = 1.08, R
S

= 1.4) indicated that the

separation was satisfactory. The developed method for chro-

matographic analysis was definitely universal. A small varia-

tion of the gradient conditions could improve the resolution

of an interesting pair of compounds.

Principal components of the phytopreparation were iden-

tified by using references for the two criteria of relative re-

tention times and the spectral ratio. All references were

chromatographed under the same conditions as the prepara-

tion. Vanillin was added as an internal standard to samples of

standards—references, Prostanorm extract, and plant ex-

tracts. This enabled the relative retention times (t
Rx

/t
Rstandard

),

which were less prone to change on going from one chro-

matographic elution to another, to be used for identification.

Second, detection was performed simultaneously at two ana-

lytical wavelengths. This enabled a criterion such as the

spectral ratio also to be used for identification. In our in-

stance, the spectral ratio was determined for each of the ref-

erence compounds under the same chromatographic condi-

tions as the ratio of optical densities A
255

/A
320

. Table 2 pres-

ents the results of the chromatographic analysis.
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TABLE 2. Identified Components of Prostanorm Preparation

Peak

No.

Relative retention

time
*

tRx/tRstandard

Capacity coeffi-

cient
**

k�

Column efficiency
**

N

Spectral ratio
*

A255/A320

Peak identification Plant source

1 0.153 0.23 – 13.43 3,4-dihydroxybenzoic acid echinacea

2 0.193 0.27 10100 1.54 ascorbic acid echinacea

3 0.579 2.79 12300 0.384 caftaric acid echinacea

4 0.623 3.08 15900 0.373 chlorogenic acid echinacea, St. John’s wort

5 0.797 4.79 11100 0.351 caffeic acid echinacea

6 0.837 4.95 11400 0.778 hypericin St. John’s wort

7 0.915 5.23 12100 0.37 liquiritin St. John’s wort, licorice

8 1.023 5.51 19600 0.532 trans-ferulic acid echinacea

9 1.043 5.72 30800 0.9 narigenin-5-glucoside goldenrod

10 1.044 5.98 30800 0.37 rutin St. John’s wort, goldenrod

11 1.093 6.15 52200 0.373 chicoric acid echinacea

12 1.128 6.38 57500 0.372 hyperoside St. John’s wort

13 1.287 7.43 81800 – kaempferol glycoside goldenrod

14 1.417 8.28 45700 0.742 liquirazide licorice

15 1.44 8.55 81900 0.805 trans-o-hydroxycinnamic acid echinacea

16 1.545 9.23 6700 2.019 hyperforin St. John’s wort

17 1.634 9.69 105700 2.445 quercetin St. John’s wort, goldenrod

18 1.659 9.85 80100 44.02 cinnamic acid echinacea

19 1.829 10.61 54500 0.687 naringenin goldenrod

20 1.902 11.68 29800 3.52 kaempferol goldenrod

21 1.937 11.83 181000 2.308 isorhamnetin goldenrod

22 2.057 11.97 69100 6.095 formononetin licorice

23 2.153 12.24 267000 no absorption

at 320 nm

glycyrrhizic acid licorice

*
Average of five independent determinations.

**
Average of three independent determinations.
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Fig. 2. Chromatogram of Prostanorm liquid extract preparation.

Along the abscissa, time (min); along the ordinate, optical density.

Analytical wavelength 320 nm. Analytical conditions given in the

text. Peak numbers correspond to compound numbers in Table 2.



Extracts of each type of medicinal plant raw material in-

cluded in Prostanorm preparation that were obtained under

conditions mimicking the industrial process were analyzed in

the same manner. A total of 53 peaks was observed in

chromatograms of St. John’s wort extracts. Of these, 7 were

strong and were identified as rutin, liquiritin, hypericin,

hyperforin, quercetin, hyperoside, and chlorogenic acid.

Chromatograms of licorice root extracts exhibited 62 peaks.

Of these, 12 were strong and were identified as glycyrrhizic

acid, liquiritin, liquirazide, and formononetin. The extract of

purple coneflower rhizomes and roots was characterized by

28 peaks, 9 of which were strong and were identified as

caftaric, chlorogenic, chicoric, cinnamic, caffeic, 3,4-dihy-

droxybenzoic, trans-o-hydroxycinnamic, trans-ferulic, and

ascorbic acids; rutin; and quercetin. Chromatograms of gold-

enrod extracts showed 34 peaks, 8 of which were strong and

were identified as rutin, kaempferol, quercetin, isorhamnetin,

naringenin, and naringenin-5-glucoside. However, 3 strong

peaks and one dominant peak among them remained uniden-

tified. Judging from the chromatographic behavior, it could

be assumed that they were flavonoid glycosides. Goldenrod

extract was subjected to acid hydrolysis [reflux with HCl

(1M) for 1 h] in order to elucidate their structures. A compar-

ison of the chromatograms before and after hydrolysis

showed that peaks of algycons (kaempferol, isorhamnetin, a

quercetin peak appeared) increased as the glycoside peaks si-

multaneously disappeared. The dominant component of the

extract was a kaempferol glycoside (the nature of the carbo-

hydrate was not established).

Thus, an efficient method for determining the compo-

nents in the extract of the multi-component mixture of plant

raw material forming the basis of Prostanorm phytoprepara-

tion was developed. The optimum chromatographic condi-

tions were determined based on reversed-phase gradient

HPLC. Biologically active compounds characterizing each

type of raw material included in the phytopreparation were

identified. The method can be used to determine the authen-

ticity of Prostanorm preparation.
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