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Abstract   

Scrophulariaceae is a large family, many species of which have been report-

ed to have a wide range of biological activities and uses as folk medicines. 

The essential oils from species belonging to this family mainly contain mon-

oterpene hydrocarbons, oxygenated monoterpenes, sesquiterpene hydro-

carbons, oxygenated sesquiterpenes and non-terpenes. Furthermore, their 

essential oils have been reported to have a variety of biological activities 

such as antimicrobial, antioxidant, insecticidal etc. The objective of this re-

view is to provide a brief overview of the chemical composition and biologi-

cal activities of the essential oils isolated from different parts of species in-

cluded in the Scrophulariaceae family. In addition, this paper also introduc-

es the therapeutic potentials and provides the evidence for future medicinal 

applications of those species.    
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Introduction   

For thousands of years, humans have been using plants for many purposes, 

such as flavors, foods and medicines, in which medicinal herbs are the main 

sources of antimicrobial agents and potential and highly potent drugs. 

Many chemical compounds from medicinal herbs are also potent in treating 

some infectious diseases (1-3). The potential supply for the new drugs of 

Vascular herbs are still far from being fully explored.  Of 500000 species 

found and identified, only a minority were phytochemically recorded in 

some researches (4) which studied on the medicinal aspects, chemical con-

stituents and bioactivities of Scrophulariaceae species (5-7). 

 Essential oils are a complex of volatile compounds extracted from 
the aromatic plants, many parts of which contain essential oils, such as 

leaves, seed, flower, peel, berries, rhizome, root, bark, wood, resin and pet-

als (8). Bioactive compounds found in the essential oils belong to different 

chemical groups, including alkanes, alcohols, aldehydes, ketones, esters 

and acids (9). The fact that many natural products are valuable in many 

fields such as pharmaceutics, perfumes, cosmetics, aromatherapy, phyto-

therapy, spices and nutrition, insecticides has also been shown by many 

previous studies (10). 

 Scrophulariaceae is a large family with over 3000 species belonging 

to 292 genera worldwide distributed. The family mainly consists of herbs 

while the rest are shrubs and lianas. Bilateral symmetric tubular flowers, (± 
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actinomorphic in Verbascum) and many- seeded capsular 

fruits are the 2 features characterizing the species in this 

family. As reported in some previous studies, some 

Scrophulariaceae species exhibit many biological activities 

and a highly diverse phytochemistry with a variety of 

chemical classes, such as terpenes, flavonoids and phenol-

ic acids. Recently, in vivo and in vitro examinations of neu-

roprotective activity were conducted in some Scrophulari-

aceae species (11-17). However, given the above positive 

information, there are still a restriction on their economic 

uses and the limited information in terms of chemical pro-

files and biological activities involving the essential oils of 

Scrophulariaceae species. This review, therefore, aims to 

provide a short comprehensive picture of the chemical 

compositions and biological activities of the essential oils 

from different parts of some Scrophulariaceae species. 

Chemical profiles of essential oils in the plants belonging 

to Scrophulariaceae     

Across a certain previous studies involving the essential 

oils of Scrophulariaceae species, the chemical compounds 

in their essential oils mainly belong to the four chemical 

groups, including monoterpene hydrocarbons, oxygenat-

ed monoterpenes, sesquiterpene hydrocarbons and oxy-

genated sesquiterpenes and oxygenated monoterpenes. In 

those studies, a variety of plant parts, such as leaves, 

stems, aerial parts or the whole plants, were used for the 

essential oil extraction (11-17).  The major compounds 

identified in the essential oils from different parts of 

Scrophulariaceae were presented in SupplementaryTable  

 Oxygenated monoterpenes are the group of sub-

stances contributing to the largest part of the essential oils 

of the Scrophulariaceae species. Many recent studies have 

shown the essential oils of Limnophila rugosa contained 

two main components, including methyl chavicol and 

trans-anethole accounting for 95% of the total essential oil 

content. The results were relatively similar among those 

studies, although L. rugosa specimens were collected in 

different regions of Vietnam or India (18-20). The essential 

oils from the leafs of Adenosma bracteosa collected in Vi-

etnam contained carvacrol, another oxygenated monoter-

pene, as the most major constituent (21) while thymol was 

found as the most abundant constituent in the essential oil 

of Conobea scoparioides collected from Brazil (22).     

 The three Scrophularia species in Iran, including S. 

amplexicaulis, S. frigida and S. subaphylla, had eugenol 

and linalool as the highest portions found of the essential 

oils from their aerial parts (23-25). In addition, mentha-1, 

5, 8-triene was the highest constituent found in the essen-

tial oils from the leaves of Limnophila micrantha in Vi-

etnam (21). 1, 8-cineole was also the second highest con-

stituent in Adenosma indiana (leaf) and Adenosma glutino-

sum (aerial part) essential oils (26). Similarly, fenchone and 

pulegone were the two main constituents found in the 

essential oils of Adenosma capitatum in Bangladesh (27) 

and Limnophila aromatica in Vietnam (19). The essential 

oils from the aerial parts of Adenosma indianum in China 

had fenchone as the highest percentage (28). Moreover, 

bornyl acetate, fenchyl acetate and camphene were identi-

fied as the three other major oxygenated monoterpenes in 

the essential oils from the leaves of the Eremophila bigno-

niiflora collected in three different locations in Australia, 

including New South Wales, Queensland and Adelaide (29).   

 Another group of chemical components found in 

Scrophulariaceae essential oils was Monoterpene hydro-

carbons. Limonene was found as the most abundant con-

stituent in the essential oils of Adenosma indiana (leaf) 

collected in Vietnam (21), Adenosma capitatum (aerial 

parts) in Bangladesh (27), Eremophila longifolia (Leaf) in 

Australia (30), Limnophila aromatica (aerial part) in Vi-

etnam and Thailand (19, 31). α-pinene was found as the 

most major constituent in the essential oil from the aerial 

part of Adenosma glutinosum and Scrophularia deserti col-

lected in Vietnam and Iran (26, 31) while it was the second 

and the third highest percentage ones found in the leaf oils 

of Eremophila longifolia (Australia) and Adenosma indiana 

(Vietnam), respectively (21, 33). The essential oil extracted 

from the aerial parts of L. aromatica grown in Bangladesh 

was dominated by Z-ocimene (27). Some other monoter-

pene hydrocarbons groups, such as 2-carene, γ-terpinene, 

α-phellandrene, terpinolene, 3-carene, β-myrcene, β-

Phellandrene were also mainly found in the essential oils 

of the A. capitatum, A. glutinosum, C. scoparioides, L. aro-

matica, L. chinensis, L. micrantha and S. deserti (19, 21, 22, 

26, 27, 32). 

 Another group of chemical components found in 

the essential oils of Scrophulariaceae species was sesquit-

erpene hydrocarbons. α-humulene and β-Caryophyllene 

were recorded as the two constituents accounting for the 

highest proportions in the essential oils from the leaf of 

Capraria biflora in Brazil (34) while the essential oils of 

Stemodia viscosa in India contained β-caryophyllene and 

endo-fenchol as the two main constituents (35). Similarly, 

β-Caryophyllene was also a major constituent found in the 

leaf oils of Stemodia maritima in Brazil (36). α-cubebene 

was another main constituent recorded in the essential oil 

of Rhinanthus angustifolius collected in Turkey (37). The 

presence of oxygenated sesquiterpenes in the essential 

oils of Scrophulariaceae has been reported in a study 

which caryophyllene oxide was identified as the second 

highest percentage of essential oil from the leaf of Stemo-

dia maritima in Brazil (36). 

 Aside from the four chemical groups of components 

belonging to terpenes, including monoterpene hydrocar-

bons, oxygenated monoterpenes, sesquiterpene hydrocar-

bons and oxygenated sesquiterpenes, the essential oils of 

Scrophulariaceae species also contain non-terpenes. Me-

thyl thymol was the main constituent found in the essen-

tial oils of Conobea scoparioides in Brazil. 6α-

hydroxymanoyl oxide and 6α-acetoxymanoyl oxide were 

the two main constituents in the essential oils from the 

leafs of Stemodia trifoliate (38) and Stemodia foliosa in Bra-

zil (39). n-hexadecanoic acid; methyl benzoate; 2,3-dihydro

-5-methyl-1H-indene and hexahydrofarnesyl acetone were 

the constituents with the highest proportions in the essen-

tial oils of Euphrasia rostkoviana (Czech Republic) (40), 

Limnophila aromatica (Vietnam) (19), Rhinanthus angusti-

folius (Turkey) (37) and Scrophularia umbrosa. (Iran) re-
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spectively (41). Phytol, 2-Pentadecanone and 1-Octen-3-ol 

were the 3 main constituents recorded in the aerial part of 

the Scrophularia kotschyana and S. olympica species in 

Turkey (42). 

Biological activities of essential oils in the plants belong-

ing to Scrophulariaceae    

Antimicrobial activity     

The antibacterial activity of essential oil extracted from the 

aerial parts of Scrophularia amplexicaulis collected in Iran 

against Staphylococcus aureus was conducted (23). In this 

study, the essential oil showed relatively low antibacterial 

activity using agar diffusion method, with the diameters of 

the zone of inhibition of 8 mm and 13 mm at the essential 

oil concentrations of 80 mg / ml and 100 mg /ml respec-

tively. Buddleja americana is another species of Scrophu-

lariaceae in America, the essential of which has been 

shown to be effective against to Streptococcus mutans with 

a minimum inhibitory concentration (MIC) of 0.63. µl/ml 

(48). In another study, it was showed that essential oil from 

Euphrasia rostkoviana collected in the Czech Republic was 

effective against many different strains of microorganisms 

(40). Accordingly, this study determined the MIC and IC50 

values of antimicrobial activity against Enterococcus fae-

calis (512 µl/ml, 128 µl/ml), Staphylococcus aureus (512 µl/

ml, 128 µl/ml), Staphylococcus epidermidis (512 µl / ml, 256 

µl/ml), Klebsiella pneumonia (2048 µl/ml, 1024 µl/ml), 

Escherichia coli (2048 µl/ml, 1024 µl/ml), Pseudomonas 

aeruginosa (> 2048 µl/ml  > 2048 µl/ml) and Candida albi-

cans (128 µl/ml, 128 µl/ml). 

 In a study using agar diffusion method, it was 

demonstrated that the essential oil extracted from the 

whole plant of Rhinanthus angustifolius in Turkey was 

found to be effective against some pathogenic bacteria 

strains at different concentrations (37). For instance, 1% 

and 2% essential oil were all resistant to Bacillus cereus, E. 

coli, E. coli O157: H7 with the diameters of the zone of inhi-

bition of 12.01 ± 0.1 mm and 10.24 ± 0.1 mm; 10.64 ± 0.10 

mm and 8.19 ± 0.15 mm; 13.13 ± 0.10 mm and 10.20 ± 0.1 

mm respectively. Meanwhile, Staphylococcus aureus, Sa-

charomyces cerevisiae and Candida albicans were only 

inhibited by the essential oil from Rhinanthus angustifolius 

at a concentration of 1% with the the diameters of the 

zone of inhibition of 8.14. ± 0.10 mm, 5.01 ± 0.15 mm and 

7.19 ± 0.10 mm respectively (37). 

 Furthermore, the essential oils from the leaves of 

Eremophila longifolia in Australia displayed the antibacte-

rial activity against many tested microorganisms, such as 

Staphylococcus aureus, S. epidermidis, Salmonella typhi-

mirium, Klebsielia aerogenes, Escherichia coli, Streptococ-

cus pneumoniae, Bacillus subtilis and Candida. albicans 

(30). E. bignoniflora is another species belonging to genus 

Eremophila and was endemic to Australia, the essential oil 

of which has been shown to be active against many strains 

of bacteria and fungi, such as E. coli, Pseudomonas aeru-

ginosa, Staphylococcus epidermidis, S. aureus, Bacillus sub-

tilis, Klebsiella aerogenes, Salmonella typhimirium and Can-

dida albicans (29). In a study, the essential oils from the 

aerial parts of 5 Scrophularia species collected in Turkey, 

including S. chrysantha, S. kotschyana, S. olympica, S. cin-

erascens and S. zuvandica were reportedly active against 

Mycobacterium smegmatis and Bacillus cereus (42).  

 Reports are on the antibacterial activities of the 

essential oils from the aerial parts of Limnophila geoffrayii 

(45). They were all active against a certain bacterial and 

fungal strains. Accordingly, the corresponding MIC values 

of antimicrobial activity of essential oils against the tested 

microorganism were Staphylococcus aureus (0.1%), E. coli 

(0.2%), Pseudomonas aeruginosa (0.2%), Salmonella typhi-

murium (0.2 %), Candida albicans (0.1%) and Aspergillus 

niger (0.3%) (45). Recently, the antibacterial activity of the 

essential oils from aerial parts of 3 species belonging to 

genus Limnophila has been recorded in Vietnam (19). In 

the study, the essential oil of L. aromatica was effective 

against the 5 tested bacterial strains, including Bacillus 

cereus, Escherichia coli, Pseudomonas aeruginosa, Salmo-

nella enteritidis and Salmonella typhimurium with the inhi-

bition zone diameters of 11.3 mm, 12.7 mm., 9.7 mm, 17.2 

mm and 18.3 mm respectively. The essential oil from L. 

rugosa was active against 4 strains, including B. cereus 

(13.8 mm), E. coli (11.6 mm), P. aeruginosa (14.2 mm) and 

S. enteritidis (14.3 mm), while B. cereus (13.2 mm), E. coli 

(15.3 mm) and S. enteritidis (16.3 mm) were reportedly in-

hibited by the essential oils from L. chinensis (19). 

Antioxidant capacity     

To investigate the antioxidant activity of natural com-
pounds, DPPH method has been one of the most common 

methods to be used so far. Reports are on a weak antioxi-

dant activity of the essential oil extracted from the aerial 

part of Scrophularia umbrosa collected in Iran with the 

RC50 value of 13.71 mg/ml (41). In another study, the essen-

tial oil from Rhinanthus angustifolius subsp. grandiflorus 

collected in Turkey have shown antioxidant activity 

against DPPH radical (37). In a study, also based on DPPH 

method showed the antioxidant activity of twelve essen-

tial oil samples extracted from the leafs of Eremophila lon-

gifolia collected in Australia (30). Those twelve oil samples 

with concentrations ranging from 9 to 1929 ml/mM all pos-

sessed the antioxidant property (30). In another study, the 

essential oil of Limnophila aromatica in Thailand also 

showed the antioxidant activity with an IC50 value of 7.8 

µg / ml. And aother major constituent found in essential oil 

of L. aromatica, eugenol, also had an antioxidant capacity 

with IC50 of 6.89 µg/ml (44). 

Larvicidal activity   

Aedes aegypti is a mosquito species endemic to South East 
Asia, the Pacific Islands area, Africa and the Americas. The 

organism has been known to be able to spread both the 

yellow fever in Central and South America and in west Afri-

ca, and dengue hemorrhagic fever. Due to the fact that the 

mosquito population in the larval stage is much easier to 

control than that in the adult stage, the strategy to control 

the proliferation of the larvae of A. aegypti is a must do. 

And hence, the natural products used as insecticides to 

control aegypti larvae have drawn much attention from 

many scientists (49-53). In a study, the essential oils ex-

tracted from the leaves and stems of Stemodia maritima 
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collected in Brazil were reportedly active against larvae of 

A. aegypti with the LC50 values of 55.4 ppm and 22.9 ppm 

respectively (36). Moreover, caryophyllene oxide, a major 

constituent of the stem oils of S. maritima, was reported to 

be active against larvae of A. aegypti with the LC50 value of 

50.4 ppm (36). Similarly, reports are on the larvicidal activi-

ty against the larvae of A. aegypti of the essential oil from 

the leaves of Capraria biflora in Brazil with the LC50 value 

(34).  

Other bioactivities     

Aside from the aforesaid bioactivites, the essential oils 
from Scrophulariaceae species were also proven to be po-

tentially used as relaxation agent, antiparasitics, insecti-

cide etc. As in a recent study, the inhalation of the essen-

tial oil from Limnophila aromatica was able to result in the 

relaxing effects on positive mood states and the relaxation 

of brain state (31). In another study, related to the use of 

the essential oils as antiparasitics, the water fraction con-

taining terpenoids (84.6%) and non-terpenoid (11%) com-

pounds of the essential oil extracted from the aerial parts 

of Scrophularia striata was employed to in vitro evaluate 

their effect on Leishmania tropica and Leishmania major 

promastigotes and axenic amastigotes. And as a result, the 

essential oil was proven to be an effective anti-leishmanial 

agent (47). The potential use as insecticide of the essential 

oils from Scrophulariaceae species was also investigated 

in a study using a bioassay with impregnated filter paper in 

which the essential oil from the aerial parts of Limnophila 

geoffrayi containing mainly d-Pulegone (27.14%), perillal-

dehyde (19.13%) and limonene (9.00%) was used. The es-

sential oil was experimentally demonstrated to be a strong 

insecticide against the Oriental fruit fly Bactrocera dorsalis 

when an essential oil dose of 5 μl/disc was used and a high 

fruit fly mortality of 94% was recorded (45). 

Bioactivities of key components of essential oils in the 

plants belonging to Scrophulariaceae     

The biological activities of the essential oil extracted from 
Scrophulariaceae plants may be attributed to the chemical 

components present in their essential oils. For instance, 

eugenol, a major component in the essential oils of many 

Scrophulariaceae species, is a commonly constituent and 

was isolated for the first time in 1929 (54, 55). The antimi-

crobial and antioxidant properties of this compound have 

been reported by previous study. Eugenol was found to be 

effective against many pathogenic bacteria, including 

Pseudomonas aeruginosa, Staphylococcus aureus, Entero-

bacter aerogenes, Listeria monocytogenes, Streptococcus 

agalactiae and Escherichia coli. Studies demonstrated that 

the antibacterial effects of this compound are contributed 

by hydroxyl group which prevents the activities of histidine 

carboxylase, amylase and protease of bacteria (55, 56). In 

addition, cytoplasmic membrane of Gram-negative bacte-

ria was damaged by eugenol. Because of hydrophobic 

molecule, lipopolysaccharide cell membrane is easily pen-

etrated by this compound and altering the cell structure 

and causing the leak of intracellular components (57).  

 Eugenol has been also reported to possess antifun-

gal activities against many fungal strains, including Penicil-

lum italicum, Aspergillus niger, Saccharomyces cerevisiae, 

Trichophyton rubrum, Penicillum glabrum, Candida albi-

cans, Laetiporus sulphureus, Trichophyton mentagrophytes, 

Fusaria oxysporum and Lenzites betulina (55, 56, 58). With 

fungi, eugenol is the cause of the disturbance to the func-

tion of cell membrane, the inhibition of virulence factors, 

and preventing the formation of fungal biofilm (55, 56, 58). 

In addition, eugenol is a compound characterized by anti-

oxidant and neuroprotective properties and monoamine 

oxidase (MAO) inhibitor (59). The component is able to 

scavenge free radicals, inhibit the reactive oxygen species 

generation, stop the formation of reactive forms of nitro-

gen, enhance cyto-antioxidant capacity and help secure 

the function of microbial DNA and proteins. Eugenol is also 

known to help repair oxidative damage, destroy damaged 

molecules, and stop the formation of mutations develop-

ing into cancer (54, 60, 61). Eugenol structure is known to 

be responsible for the antioxidative potential of eugenol, 

the structure facilitates the fixation of eugenol to phenoxy 

radicals by receiving donated hydrogen atoms (62). 

 β-caryophyllene, another component in the essen-

tial oils of Scrophulariaceae plants, had an inhibitory effect 

on many bacterial and fungal strains, including Staphylo-

coccos aureus, Klebsiella pneumonia, Bacillus subtilis, B. 

cereus, Escherichia coli, Pseudomonas aeruginosa, Penicilli-

um citrinum, Aspergillus niger, Trichoderma reesei and Rhi-

zopus oryzae (63). Furthermore, β-caryophyllene also pos-

sessed the antioxidant activity with IC50 values of 3.23 and 

1.25 µM for FRAP and DPPH assays respectively (63). The 

larvicidal property of β-caryophyllene against Aedes ae-

gypti has been reported by recent studies. Accordingly, 

this compound displayed active against A. aegypti with 3.3, 

3.3, 3.3, 5.0 and 3.3% of mortality at dose of 150, 200, 250, 

300 and 400 ppm (64). 

 A variety of terpene mixtures have been used as a 
cheap and non-invasive treatment for cholesterol stones 

in the gall bladder and bile ducts (65) and for ureteric 

stones (65), in which limonene was included. This com-

pound has been reported to possess antibacterial and an-

tifungal effects against Listeria momocytogenes, Aspergil-

lus niger, A. ochraecus, A. flavus, A. parasiticus, Alternaria 

alternata, Chaetomium sp., Fusarium culmorum and Peni-

cillum citratum (65). Moreover, this compound was also 

found to be effective against several bacterial pathogens 

such as Bacillus cereus, Salmonella typhimurium, Escher-

iachia coli and Staphylococcus aureus (66). 

 Another compound in the essential oil of Scrophu-

lariaceae plants, α-pinene, possessed antimicrobial and 

larvicidal properties. This compound was active against 

many bacterial pathogens such as Escherichia coli, Pseudo-

monas aeruginosa, Staphylococcus aureus, S. epidermidis, 

Streptococcus faecalis, S. pyogenes and S. pneumonia. 

Moreover, some fungal strains such as Candida albicans, 

Sclerotinia sclerotiorum, followed by Mycobacterium smeg-

matis, Cylindrocarpon mali, Aspergillus niger, Stereum pur-

pureum, Cryptococcus neoformans and Rhizopus oryzae 

were also inhibited by this compound (67-69). In addition, 

α-pinene has been reported to possess larvicidal effects 

against fourth stage larvae of Aedes aegypti. The mortality 
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percentages of 12, 27, 33, 45 and 67% were recorded at 

doses of 150, 200, 250, 300 and 400 ppm (64). 

 It was demonstrated that the Ocimum ciliatum es-

sential oil contained methyl chavicol as the most abun-

dant compound (87.6%) had an inhibitory effect on many 

bacterial strains, including Rhodococcus fascians, Brenner-

ia nigrifluens, Agrobacterium vitis, Xanthomonas oryzae pv. 

oryzae, Ralstonia solanacearum, Pseudomonas tolaasii, P. 

syringae pv. syringae, P. syringae pv. lachrymans, Pantoea 

stewartii subsp. indologenes and Xanthomonas citri (70). 

DPPH, cooxidation β-carotene/linoleic acid and thiobarbi-

turic acid assays were commonly used to study the antioxi-

dant activity of methyl chavicolMethyl chavicol (IC50 = 

312.50 ± 2.28 μg/ml) was reported to be able to inhibit the 

DPPH free radical. The compound was able to diminish the 

lipid peroxidation at the level of 73.08 ± 4.79. It also caused 

the reduction in the malonaldehyde content and the inhi-

bition of the pancreatic lipase (71). In addition, methyl 

benzoate has been reported to possess antimicrobial ac-

tivities against some bacterial and funfal strains, including 

Staphylococcus aureus, Escherichia coli, Bacillus substilis, 

Salmonelle paratyphi, Aspergillus niger, A. fumigata and 

Candida albicans (72). Furthermore, ocimene and cam-

phene were found to be effective against Candida albicans 

(73).    

 

Conclusion   

In this study, several relevant scientific works were gath-

ered and reviewed in order to provide the information re-

lated to both the biological activity and the chemical com-

position in the essential oils of species belonging to 

Scrophulariaceae. This review showed that the content 

and the chemical compositions of the essential oils from 

several species of Scrophulariaceae greatly varied with 

different regional locations where the specimens were 

collected. The bioactivities of some constituents of the 

Fig. 1. Some chemical components of Scrophulariaceae essential oils.  
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essential oils from several species of Scrophulariaceae 

promise a potential use of these essential oils for the large 

– scale production of folk medicines in the near future.  

 GC-MS has been the technique mostly used in the 

analyses of the chemical compositions. Nevertheless, 

many works involved in these techniques have not used 

the n-alkane standard for the calculation of retention indi-

ces, neither have they analyzed and compared the reten-

tion indices. Hence, those works hardly got the accurate 

evaluation of the essential oil constituents. Furthermore, 

there have not been many studies investigating into the 

biological activities and the mechanism of action of the 

components in the essential oils of species of Scrophulari-

aceae. Therefore, the studies in the future should be ori-

ented towards those topics to further explain the biologi-

cal activities of essential oils of species of Scrophularia-

ceae.   
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