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The genus willowherbs (Epilobium L., syn. Chamaenerion Ség.) of the family 
Onagraceae Juss. in the flora of Estonia is represented by nine species, among which 
the widespread ones are fireweed (Epilobium angustifolium L., syn. Chamaenerion 
angustifolium Scop., Chamaenerion angustifolium (L.) Scop.) and hairy willowherb 
(Epilobium hirsutum L.). Less commonly found in nature is hoary willowherb 
(Epilobium parviflorum Schreb.) [1]. The species are being studied in many countries 
because they have significant potential for biologically active substances with anti-
inflammatory, antioxidant, anticancer, and antimicrobial effects [1–6].  

Until now, mainly the phenolic compounds of these species have been studied. 
Classes of biologically active substances such as benzoic acids, phenolic acids, hy -
droxycinnamic acids, flavonoids, gallotannins and ellagitannins, and dimeric macro -
cyclic ellagitannins have been found in E. angustifolium [7–11], E. hirsutum [11–13], 
and E. parviflorum [11,14–16]. 

Previously, we investigated the total content of polyphenols, tannins, and flavo -
noids in E. parviflorum, E. hirsutum, E. adenocaulon, E. montanum, and E. palustre 
growing in Estonia. The content of these biologically active compounds was similar 
in all compared species; therefore, E. parviflorum, which is rarely found in nature, 
cannot be preferred to other species of the same genus [17]. Based on the content of 
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ABSTRACT 

Epilobium species have garnered attention for their potential use in benign prostatic hyper -
plasia; however, their polyphenolic composition has been primarily investigated. This study 
aimed to perform a comparative qualitative analysis and relative comparison based on gas 
chromatography‒mass spectrometry (GC–MS) peak area percentages of the volatile pro file 
in three Epilobium species growing in Estonia. The volatile profiles of E. angustifolium, E. hirsutum, 
and E. parviflorum were obtained by hydrodistillation. The yield of the volatile frac tion in the 
studied Epilobium species ranged from 0.24 to 0.78 mL/kg. Qualitative and semi-quantitative 
analyses of the volatile profile by GC‒MS revealed the presence of 98 components, with 
a range of 87.12% to 92.93%. The most significant proportion of the volatile profile was made 
up of aliphatic hydrocarbons, 40.75%‒43.09% for E. angustifolium and 34.29%‒45.04% for 
E. hirsutum, and aliphatic acids, 15.79%‒29.29% for E. angustifolium and 7.44%‒22.45% for 
E. hirsutum. E. hirsutum also had a significant content of aldehydes and ketones, 7.08%‒9.03%. 
Within the volatile profile, monoterpenoids in E. parviflorum accounted for 51.92%, aliphatic 
acids for 19.43%, and sesquiterpenes for 6.76%. Thus, aliphatic hydro carbons and fatty acids 
generally prevailed in E. angustifolium and E. hirsutum, while mono terpenoids predominated 
in E. parviflorum. Numerous volatile profiles (22‒50) were identified for the first time in the 
investigated species. Although the yield of volatile profiles in Epilobium species is low, due to 
their biological activity, they may have a beneficial effect in benign prostatic hyperplasia, which 
requires further investigation. 

1. Introduction
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polyphenolic compounds, we concluded that E. parviflorum 
does not offer, compared to other Epilobium species, the best 
therapeutic potential for the relief of benign prostatic hy -
perplasia in terms of the quantitative content of these com -
pounds [18]. The other study concluded that the most optimal, 
although not exclusive, collection time of E. angustifolium in 
the temperate climate zone is July–August [19].  

The component composition of E. angustifolium essential 
oil has been studied the most [20–25]. The component com -
position of the volatile fraction from raw material samples 
originating from different countries differs significantly. Thus, 
the significant components of E. angustifolium volatiles from 
China are linoleic acid, 1-docosene, and palmitic acid [20]. 
The major active compounds of the essential oil of E. angus -
tifolium from Poland are α-caryophyllene oxide, eucalyptol, 
β-linalool, camphor, (S)-carvone, and β-caryophyllene [21]. 
The major components of E. angustifolium volatiles from 
Lithuania are trans-2-hexenal, trans-anethole, and caryo phyl -
lenes (α- and β-) [22,23]. The major component of the es -
sential oil of E. angustifolium from Turkey is limonene [24].  

The major active compounds of the essential oil of E. hir -
sutum from Turkey are (Z)-3-hexene-1-ol, (Z)-3-hexenyl 
acetate, and cyclohexanone [26]. The most abundant com -
ponent of the essential oil of E. hirsutum from Iran is pul e -
gone [27]. The essential oil of E. parviflorum from the Czech 
Republic predominantly contains palmitic acid, linoleic acid, 
and α-linolenic acid as its primary constituents [28].  

This study aimed to comparatively characterise the vol a -
tile composition of Epilobium angustifolium, Epilobium hir -
sutum, and Epilobium parviflorum growing in Estonia using 
gas chromatography‒mass spectrometry (GC–MS) with the 
consideration of their potential pharmaceutical relevance. 
This study provides new comparative insights into the volatile 
composition of Epilobium species and demonstrates pro -
nounced species-specific differences that complement exist -
ing knowledge, which is predominantly based on polyphe -
nolic constituents. 

2. Materials and methods 
2.1. Plant material 
The samples of the studied Epilobium were collected from 
villages in Kuusalu municipality, Harju County, Estonia 
(Table 1). The herbs were collected in 2025 during the flower -
ing period (July–September) by cutting off the upper (ap -
proxi mately 30 cm long) flowering tops (n = 20) from the 
plants in dry weather. The drugs were dried in a dark, well-
ventilated room at room temperature for 10 days. The dried 

samples were stored in closed paper bags in a dry environ -
ment, avoiding temperature fluctuations and direct light. 
Before distillation of the volatile profile, woody stem parts 
were removed from the plant material, and the resulting samples 
were ground into 1‒3 mm particles. The Estonian plant iden -
tifier was used for species identification [29]. The species of 
E. angustifolium, E. hirsutum, and E. parviflorum belong 
to the same section of Epilobium. At the same time, some 
authors elevate E. angustifolium to the rank of the genus 
Chamaenerion [30]. The voucher specimen is stored at the 
Institute of Pharmacy, University of Tartu, Estonia (Nos 
Ona/E_ang 1, Ona/E_hir 1, and Ona/E_par 1). 
 
2.2. Hydrodistillation of the volatile profile 
Volatile profiles were obtained by hydrodistillation of wil -
low herb samples using the modified method described in the 
European Pharmacopoeia monograph ‘Peppermint leaf/Menthae 
piperitae folium’ [31]. The plant materials (35 g) with 300 mL 
of purified water were hydrodistilled in a 1000 mL round-
bot tom flask for 3 hours (2–3 mL/min). Hexane (0.5 mL) was 
added to a graduated tube to remove the distilled oil. 
 
2.3. Gas chromatography‒mass spectrometry 
The volatile profile samples were analysed on an Agilent 
6890/5973 GC‒MS system controlled by MSD ChemStation. 
1 µL of the sample was introduced into the Agilent HP-5MS 
UI column (30 m length, 0.25 mm inner diameter, 0.25 µm 
film thickness) using split mode (20:1). The injector tem -
perature was 280 °C, and the carrier gas (He) flow was kept 
constant at 1 mL/min throughout the whole analysis. The 
oven was held at 50 °C for 2 minutes, followed by a ramp of 
4 °C/min to a final temperature of 280 °C and was maintained 
there for 5 minutes. 

The MSD was operated in electron ionization (EI) mode 
at 70 eV, scanning across the mass range of 29–400 m/z with 
a delay time of 4 minutes and a scan speed of 3.8 scans/s. 
The data were analysed using the Agilent MassHunter soft -
ware, applying a deconvolution algorithm with different 
window sizes. The compounds were identified by using the 
NIST 23 library (match factor ≥90) and by retention indices 
(relative to n-alkanes C8–C30) or obtained by the analysis of 
the reference compounds. The area percentages of each peak 
were calculated from the total areas in the chromatograms 
without using correction factors. The same GC‒MS method 
has previously been successfully used in the analysis of other 
essential oils [32,33]. All GC–MS analyses were performed 
in triplicate, and the results are expressed as mean relative 
peak area (%) ± standard deviation (SD). 

Sample No. Species Growing place Geographical coordinates 

1 E. angustifolium (I)  Muuksi village N59.511753 E25.520009 
2 E. angustifolium (II)  Uuri village N59.510253 E25.561098 
3 E. hirsutum (I)  Muuksi village N59.511180 E25.519509 
4 E. hirsutum (II)  Andineeme village N59.494379 E26.458709 
5 E. parviflorum  Muuksi village N59.510326 E25.506149 

 
Table 1. The growing locations and essential oil yields of the studied Epilobium species  
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3. Results 
The yield of the volatile fraction in the studied Epilobium 
species ranged from 0.24 to 0.78 mL/kg. In the studied 
samples, 98 volatile profiles were identified. In E. angusti -
folium, 45 compounds were identified in sample I and 66 
compounds in sample II. In E. hirsutum, 63 compounds were 
found in sample I and 62 compounds in sample II. In E. par -
viflorum, 49 compounds were identified (Table 2). 

Low standard deviations observed for most compounds 
indicated good analytical repeatability, while higher vari -
ability of some aliphatic acids and hydrocarbons reflected 
natural compositional differences between samples (Table 2). 
Apparent qualitative and semi-quantitative differences in 
volatile profiles were observed among the studied Epilobium 
species, with each species characterised by a distinct domi -
nance of compound classes and major constituents. The studied 
Epilobium species differed in their volatile composition, with 
E. angustifolium and E. hirsutum dominated by long-chain 
aliphatic hydrocarbons and fatty acids, whereas E. parvi -
florum was characterised by a predominance of monoterpe -
noids, particularly carvone and menthone. Due to the de -
scriptive and semi-quantitative nature of the GC–MS data, no 
formal statistical hypothesis testing was applied to individual 
compounds. 

4. Discussion 
The volatile fraction yield of the studied Epilobium species 
(0.24–0.78 mL/kg) was consistent with previous reports, with 
E. angustifolium showing the highest values. At the level of 
compound classes, E. angustifolium and E. hirsutum were 
dominated by aliphatic hydrocarbons and fatty acids, while 
E. hirsutum additionally exhibited a notable contribution of 
aldehydes and ketones. 

This corresponds to the data of other researchers (Fig. 1) 
[20,26].  

The volatile profile of E. parviflorum differed sig nifi -
cantly. Monoterpenoids formed 51.92% of the essential oils 
of E. parviflorum, aliphatic acids 19.43%, and sesqui terpenes 
6.76%. The obtained data regarding the significant content of 
aliphatic acids, monoterpenoids, carvone, and men thone in 
the terpenoid composition corresponded with the data from 
researchers in the Czech Republic [28]. 

A core set of 18 volatile compounds was shared among 
all the studied species, representing aldehydes, monoterpenes, 
sesquiterpenoids, apocarotenoids, fatty acids, and aliphatic 
hydrocarbons. The strong correlation (r = 0.96) observed 
between apocarotenoids and diterpenoid-derived compounds 
suggests coordinated biosynthetic pathways related to carote -
noid metabolism. The dominant volatile constituents (>1%) 
belonged mainly to aldehydes and ketones, monoterpenoids, 
sesquiterpenes and sesquiterpenoids, apocarotenoids, fatty 
acids, and long-chain aliphatic hydrocarbons. Various types 
of activity have been established for most of the terpenes, 
terpenoids, apocarotenoids, and other groups of biologically 
active compounds found in Epilobium [34–37].  

Sesquiterpenes in the studied Epilobium species were 
represented by acyclic compounds such as (E)-β-farnesene 

and α-farnesene; a bicyclic compound β-caryophyllene; 
naphthalene-type bicyclic compounds, such as α-copaene, 
(Z)-4(15),5-diene, and δ-cadinene; and a tricyclic compound 
β-copaene. The detected sesquiterpenes represented several 
structural subclasses, including acyclic, bicyclic, and tricyclic 
frameworks, with qualitative differences among species. Such 
structural diversity further supports species-specific terpenoid 
metabolism within the genus Epilobium. 

The volatile profiles of E. angustifolium II and E. parvi -
florum contain β-caryophyllene and α-humulene (formerly 
known as α-caryophyllene), the latter being an isomer with 
a broken cyclobutane ring. These compounds are often found 
together in plants. The essential oils of E. angustifolium I 
and E. parviflorum contain unsaturated sesquiterpenes: 
(E,E)-α-farnesene and (E)-β-farnesene, as well as alcohols: 
farnesol (E. angustifolium I, E. hirsutum I) and nerolidol 
(E. hirsutum I and E. hirsutum II), which are synthesised from 
them in the living plant.  

The studied Epilobium species showed clearly distinct 
volatile profiles. While E. angustifolium and E. hirsutum were 
dominated by long-chain aliphatic hydrocarbons and fatty 
acids, E. parviflorum was characterised by a predominance 
of monoterpenoids, particularly carvone and menthone. 
Notably, a substantial number of volatile profiles detected in 
this study have not been previously reported for the in vesti -
gated species, including several terpenoids and aromatic 
compounds, such as camphorquinone-3-ethylene ketal, 
3-(2-pentenyl)-1,2,4-cyclopentanetrione, and related consti -
tuents, highlighting the still underexplored nature of their 
volatile fraction. 

The traditional use of E. angustifolium, E. parviflorum, 
and other species for the symptomatic treatment of mild uri -
nary disorders associated with benign prostatic hyperplasia 
and irritative bladder, as well as for alleviating symptoms of 
benign prostatic enlargement or inflammation, such as noc -
turia, frequent daytime urination, and incomplete emptying, 
can be explained not only by the phenolic and polyphenolic com -
pounds but also by the essential oils of these plants [35,38].  

The well-known antitumor properties of many isoprenoid 
compounds include terpenes, terpenoids, apocarotenoids, and 
diterpenes [39].  

The dominant isoprenoids in the essential oils we studied 
include linalool, menthone, (E)-p-menthan-3-one, carvone, 
and carvacrol; sesquiterpenes such as β-caryophyllene and 
α-humulene; sesquiterpenoids such as palustrol, hexahydro -
farnesyl acetone, and farnesyl acetone; and apocarotenoids 
such as oxo-β-cyclocitral, trans-geranylacetone, and trans-β-
ionone. Although these compounds were isolated from other 
plants, their antitumor properties have been described in 
scientific sources [39,40]. 

Notably, carvone, the dominant monoterpenoid in E. par -
viflorum, has been widely reported to exhibit antiproliferative 
and pro-apoptotic activities, supporting the potential pharma -
cological relevance of the observed volatile profile [41,42].  

α-Linolenic acid, present at 7.47% in E. angustifolium I 
and 3.80% in E. hirsutum I volatile profiles, is an omega-3 
fatty acid with neuroprotective, anti-inflammatory, anti oxi -
dant, and antitumor biological properties [43,44]. 
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Although research on the pharmacological activity of 
agents from Epilobium species has traditionally focused on 
non-volatile polyphenols, the volatile profile (i.e. essential oil 
components) makes an important additional contribution 
to the final clinical outcome in benign prostatic hyperplasia. 
The volatile profile complements and enhances the primary 
antiproliferative effect of polyphenols, providing rapid symp -
tom relief and eliminating the inflammatory component, 
thereby making Epilobium-based agents more effective and 
comprehensive in treating benign prostatic hyperplasia. 

5. Conclusions 
Overall, the examined Epilobium species produced volatile 
fractions in the range of 0.24–0.78 mL/kg, with E. angus -
tifolium distinguished by the highest yield. In total, 98 volatile 
components were characterised in the studied samples, re -
flecting variations in their composition. The amounts of ter -
penoid compounds were the greatest in E. parviflorum. The 
main components of the volatile profiles of E. angustifolium 
and E. hirsutum were aliphatic hydrocarbons and aliphatic 
acids. Among the terpenoid compounds, the highest contents 
of monoterpenoids and sesquiterpenes were found in E. par -
viflorum, those of monoterpenoids and sesquiterpenoids in 
E. angustifolium, and those of diterpenoids, apocarotenoids, 
and sesquiterpenoids in E. hirsutum. The volatile profiles 
found may contribute to the effects of the studied plants on 
benign prostatic hyperplasia; however, their yield is low. 
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Eestis kasvavate Epilobium angustifolium, Epilobium hirsutum ja  
Epilobium parviflorum’i ürtide lenduvate ühendite sisaldus 

Ain Raal, Martin Lepiku, Tetiana Ilina, Alla Kovalyova, Thanh Tung Nguyen  
ja Oleh Koshovyi 

Pajulillede (Epilobium) liigid on pälvinud tähelepanu nende võimaliku kasutuse tõttu eesnäärme healoomulise 
suurenemise korral, kuid seni on neid uuritud peamiselt polüfenoolsete ühendite koostise seisukohast. Käes-
oleva töö eesmärk oli Eestis kasvavate kolme Epilobium’i liigi lenduvate ühendite kvalitatiivne ja suhtelisel 
sisaldusel põhinev võrdlev analüüs. Liikide E. angustifolium, E. hirsutum ja E. parviflorum lenduv fraktsioon 
eraldati taimede maapealsetest osadest destillatsiooni teel. Uuritud pajulilleliikide lenduvate fraktsioonide 
saagis jäi vahemikku 0,24–0,78 mL/kg. Lenduvate ühendite kvalitatiivne ja kvantitatiivne analüüs GC–MS-mee -
todil näitas 98 komponendi esinemist, mille osakaal moodustas 87,12–92,93% destillaadist. Suurima osa len-
duvast fraktsioonist moodustasid alifaatsed süsivesinikud – E. angustifolium’is 40,75–43,09% ja E. hirsutum’is 
34,29–45,04% – ning alifaatsed happed – E. angustifolium’is 15,79–29,29% ja E. hirsutum’is 7,44–22,45%. 
Lisaks iseloomustas E. hirsutum’it märkimisväärne aldehüüdide ja ketoonide sisaldus (7,08–9,03%). E. parviflo-
rum’i lenduvas fraktsioonis domineerisid monoterpenoidid (51,92%), millele järgnesid alifaatsed happed 
(19,43%) ja seskviterpeenid (6,76%). Seega domineerivad E. angustifolium’i ja E. hirsutum’i lenduvas frakt-
sioonis peamiselt alifaatsed süsivesinikud ja rasvhapped, samas kui E. parviflorum’is on ülekaalus monoter-
penoidid. Arvukalt lenduvaid ühendeid (22–50) identifitseeriti nendes taimeliikides esmakordselt. Kuigi Epi-
lobium’i liikide lenduva fraktsiooni saagis on väike, võivad need ühendid tulenevalt oma bioloogilisest aktiiv-
susest kaasa aidata pajulillede toimele eesnäärme healoomulise suurenemise korral ning see teema vajab 
edasist uurimist. 
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