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Introduction
 Parmelia perlata lichens (Parmelia 
perlata (Huds.) Ach.) originates from Indian 
subcontinent. It is called a “stone flower” in its 
home country. It represents a wide-spread mutu-
alism type between mycobionts – fungi and 
phytobionts which can be presented by algae or 
cyanobacteria respectively. Parmelia perlata 
has a greish-brown flattened thallus. It is used in 
India as spices to enhance the taste of other prod-
ucts [1, 2].
 According to the literature data, Parmel-
ia perlata extracts show expressed diuretic, 
astringent, antiviral, anticancer, anti-inflamma-
tory, antipyretic, antioxidant, antibacterial, seda-
tive and antifungal activities [1-3]. 

 Indian and Serbian researchers found 
such phenolic compounds as olivetol, orcinol, as 
well as dibenzofuran derivatives known as 
lichens acids – atranorin, lecarinic and usnic 
acids in some Parmelia representatives by gas 
chromatography techniques. Simiarenol, fride-
lan and lupeol were detected among terpene 
compounds [1-3].
 Due to the literature data, terpene com-
pounds shows a wide spectrum of biological 
activity. In particular, limonene, borneol, cam-
phor, thymol and pulegone show anti-inflamma-
tory, antifungal, antibacterial and pain reliever 
activities [4-8]. In addition, camphor and 
borneol have antiviral and antifungal activities 
[4, 5, 7, 8]. 

 Resume: Parmelia perlata lichens (Parmelia perlata (Huds.) Ach.) is a 
wide-spread type of symbiosis between a fungi and algae or cyanobacteria. Due to the 
literature data, Parmelia perlata extracts show diuretic, antiviral, anticancer, anti-inflam-
matory, antipyretic, antioxidant, antibacterial and antifungal activities. 
 The qualitative composition and the quantitative content of Parmelia perlata 
thallus volatile compounds was studied by gas chromatography techniques. Plant raw 
material was harvested in Kazakhstan. 
 32 volatile compounds were identified as the result of the analysis. Their total 
content was 1259.00 mg/kg. Carbonic acids and their esters dominated due to their quan-
titative content (886.00 mg/kg). 
 Borneol, limonene, camphor, pulegone and thymol were identified among terpene 
compounds. Terpene compounds total content equaled 44.00 mg/kg. Borneol accumulat-
ed at the highest amount (25.00 mg/kg).
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Borneol and its derivatives can temporarily 
increase permeability of brain-blood barrier and 
increase drug bioavailability as a consequence. 
Research of scientists from The National Cancer 
Institute (USA) confirmed this compound’s 
ability to decrease cell proliferation of adenocar-
cinoma of chest, kidneys, ovaries, colon and 
leukemia [7]. In addition,borneol exhibits 
antinociceptive effect in experiments on 
animals. Results of the MTT assay have shown 
neuroprotective and antioxidant properties of 
this compound at a dose of 50 μM [10, 11].
 Camphor is used for epilepsies treatment, 
for treatment respiratory diseases, for metabo-
lism and blood circulation stimulation, against 
rheumatism and muscle pain. This compound 
depresses growth of colon, gastric, liver, skin, 
prostate and mammary glands tumors [4, 5]. 
According to literature, camphor acts as a local 
anesthetic, causes localized vasodilation and 
shows mild expectorant effect [10]. 
 Scientists from Republic of South Africa 
experimentally proved limonene antioxidant and 
insecticide activities in vivo. It was determined 
that essential oils with limonene as a main com-
ponent block cancer cells development in 
gastric, breast, skin and lungs [11]. Brazilian 
scientists experimentally proved antihistaminic 
and anticonvulsant properties of pulegone [12]. 
Thymol has a positive effect on a cardiovascular 
system, shows antioxidant, antiviral and wound 
healing effects. It is used for headache, cough 
and diarrhea treatment [6]. This terpene, accord-
ing to Indian researchers, inhibits platelet aggre-
gation, contributes to lowering blood pressure 
and enhances the activity of digestive enzymes 
[13, 14]. 
 During laboratory studies carried out by 
Indian scientists, borneol and limonene showed 
almost no carcinogenic effect. Borneol, thymol 
and limonene exhibited minimal mutagenic 
effects on Salmonella typhimurium strains and 
did not induce chromosomal aberrations in the 
Ames test [9, 10, 13-15].
 Korean researchers noted the low toxici-
ty of limonene for the human body. This com-
pound and its metabolites irritated the skin and 

mucous membranes, caused itching and redness 
at long-term use in high doses [16]. Iranian 
scientists found that pullegon caused a lack of 
coordination of movements, tachypnoe, and led 
to a decrease in the physical activity of experi-
mental animals in a dose of more than 100 mg / 
kg [15].
 Data obtained by Indian researchers indi-
cate that the toxic effect of thymol on the body 
was shown in a dose of more than 400 mM – it 
caused nausea, vomiting, visual impairment and 
allergic reactions, however, the genotoxic effect 
of this compound was not recorded [13, 14].
 According to the literature, the lethal 
dose that caused the death of 50% of test rats 
(LD50) for borneol was 5800 mg / kg, for cam-
phor – 3730 mg / kg [9].This figure was 980 mg 
/ kg, 5300 mg / kg and 470 mg / kg for thymol, 
limonene and pulegone, respectively [13-16].
 Parmelia perlata plant raw material 
comes to Ukrainian pharmaceutical market 
mainly from Kazakh and Russian manufacturers. 
 Ayurvedic remedy “Confido” (“Spe-
man”) produced in India was included into a list 
of registered drugs in Ukraine. This remedy had 
prostate gland protective activity and contained 
Pamelia perlata extract [17]. Nevertheless, 
Parmelia perlata thalli are not included into the 
State Pharmacopoeia of Ukraine. Quality control 
methods of this raw material are also absent. 
That is why Parmelia perlata pharmacognostic 
study is relevant. 
 The aim of our work was the study of 
qualitative composition and the determination of 
quantitative content of Parmelia perlata thallus 
volatile compounds. Plant raw material was 
harvested in Kazakhstan. 

Materials and methods
 For the study of Parmelia perlata thallus 
an airy-dry plant raw material was used. This 
raw material was harvested on the territory of 
Kazakhstan during 2016-2017 years.
 Qualitative composition and quantitative 
content of volatile compounds in plant raw mate-
rial was studied by gas chromatography tech-
nique.
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 A sample weight (ca. 0.5 g) with the 
addition of the inner standard was entered into a 
20 ml volume vial. 50µg of tridecane was used 
as the inner standard for each sample weight 
with following calculation of the inner standard 
obtained concentration. 10 ml of water was 
added to the sample and distillated with water 
vapor during 2 hours with the help of the return 
fridge [18].
 Volatile compounds were adsorbed on 
the fridge inner surface so that is why they were 
slowly washed with 3 ml of extra pure pentane 
into a dry vial. Washes were concentrated till a 
10 ml residual volume by extra pure nitrogen 
blowing at speed of 100 ml/min. The obtained 
solution was extracted by a chromatographic 
syringe with following sample concentration till 
2 ml of the volume in the syringe. [18].
 A sample was entered into the column 
without separating the flow. This technique 
enabled sample injection without loss and 
increased sensibility of the chromatography 
technique for several times. The sample was 
entered during 12 seconds at a speed of 1.2 
ml/min [18].
 The analysis was conducted with the help 
of Agilent Technologies 6890 chromatograph 
with mass spectrometric detector 5973. Capil-
lary column DB-5 with 0.25 mm diameter and 
total length of 30 m was used for chromatogra-

phy. The velocity of Helium, which was used as 
a carrier gas, was 1.2 ml/min. The temperature of 
the heater reached 250˚С. Thermostat tempera-
ture was programmed from 50˚С till 320˚С at a 
speed of 4˚С/min [18].
 Spectra identification was done with the 
help of mass spectra libraries NIST05 and 
WILEY 2007 with the total amount of spectra of 
470000 in combination with AMDIS and NIST 
identification programs [18].
 The inner standard method was used for 
quantitative calculations. Components content 
was calculated by the following formula:

С=K1*K2 (mg/kg),

 where K1=P1/P2 (P1 – a square of the 
analyzed compound peak, P2 – a square of stan-
dard peak);
 K2=50/M (50 – inner standard mass 
(µg), that was injected into the sample, М – a 
sample weight (g) [18].

Results and discussion
 According to the results of the analysis 
32 volatile compounds were determined in 
Parmelia perlata thallus. Their total content was 
1259.00 mg/kg. Gas chromatogam of the volatile 
compounds is presented in Fig. 1.

Fig. 1 Gas chromatography of Parmelia perlata thallus volatile compounds
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 Qualitative composition and quantitative 
content of Parmelia perlata thallus volatile com-

pounds is presented in the Table 1.

Table 1 Qualitative composition and quantitative content of Parmelia perlata thallus volatile com-
pounds 

 
№ Component Retention 

time 
Content, 
mg/kg 

1 1-Hexanol 4.47 8.00 
2 Limonene 8.79 3.00 
3 Phenylacetaldehyde 9.29 21.00 
4 Enanthic (heptanoic) acid 10.36 10.00 
5 Camphor 12.75 4.00 
6 Borneol 13.59 25.00 
7 Octanoic acid 13.89 82.00 
8 4-Trimethyl-benzenemethanol 14.11 15.00 
9 Pulegone 15.86 4.00 
10 2-Methyl-5-(1-methylethyl)-2- cyclohexene -1-one 16.05 6.00 
11 3-Methyl-6-(1-methylethyl)-2- cyclohexene -1-one 16.40 36.00 
12 Pelargonic (nonanoic) acid 17.25 139.00 
13 4-(1-Methylethyl)-benzenemethanol 17.66 19.00 
14 2,4-Nonadienal 17.78 3.00 
15 Thymol  17.89 8.00 
16 2,4-Decadienal  18.57 23.00 
17 n-Decanoic acid 20.38 31.00 
18 6,10-Dimethyl-5,9-undecadiene-2-one 22.69 3.00 
19 4-(2,6,6-Trimethyl-1-cyclohexene-1-yl)-3-buten-2-one 23.61 6.00 
20 Dibutyl maleate 25.36 5.00 
21 Lauric acid 26.35 55.00 
22 Diphenyl ketone 28.03 13.00 
23 Myristic acid 31.82 68.00 
24 n-Octadecane 32.02 14.00 
25 Isopropyl myristate 33.42 8.00 
26 6,10,14-Trimethyl-2-pentadecanone 33.85 147.00 
27 Diisobuthyl phthalate  34.28 358,00 
28 Dibutyl phthalate 36.61 23,00 
29 Palmitic acid 37.80 104.00 
30 n-Eicosane 38.11 4.00 
31 Methyl linoleate 40.10 3.00 
32 n-Heneicosane 40.81 11.00 

Total Content of volatile compounds 1259.00  
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 According to the analysis data, 12 com-
pounds were accumulated in Parmelia perlata 
plant raw material. These compounds belonged 
to the group of carbonic acids and their esters as 
well to the group of aldehydes, ketones and alco-
hols. Additionally, 3 long-chain alkanes and 5 
terpene compounds were found in Parmelia 
perlata thallus. 
 Carbonic acids and their esters dominat-
ed in quantitative content, which equaled 886.0 
mg/kg in total. Total content of aldehydes, alco-
hols and ketones was almost three times less and 
equaled 300.00 mg/kg. Terpene compounds and 
long-chain alkanes accumulated in plant raw 
material in relatively small amounts which 
equaled 44.00 mg/kg and 29.00 mg/kg respec-
tively. 
 Diisobuthyl phthalate (358.00 mg/kg), 
pelargonic (nonanoic) acid (139.00 mg/kg) and 
palmitic acid (104.00 mg/kg) dominated among 
all the compounds as for their quantitative 
content. 
 Bicyclic monoterpene borneol and 
monoterpene phenol thymol dominated among 5 
identified terpene compounds with total content 
of 44.00 mg/kg. These compounds content was 
25.00 mg/kg and 8 mg/kg respectively in plant 
raw material. Limonene, camphor and pulegone 
content was not higher than 4.00 mg/kg.
 Herewith, limonene, 2,4-nonadienal, 
caprylic acid, 6,10-dimethyl-5,9-undecadi-
ene-2-one and linoleic acid methyl ester accu-
mulated in the plant raw material in a minimal 
amount of 3.00 mg/kg.

Conclusions
 According to research results 5 com-
pounds of terpene origin were detected in the 
analyzed plant raw material. Borneol dominant-
ed among those compounds (25.00 mg/kg). 
Thymol was accumulated almost 3 times less, 
and its content comprised 8.00 mg / kg. The 
content of limonene in the investigated raw 
material was 3.00 mg / kg, and camphor and 
pulegone - 4.00 mg / kg. Taking into account the 
multivectoral pharmacological activity of the 
predominant by content terpenes (borneol, 

thymol, camphor, pulegone and limonene), as 
well as their accumulation in the investigated 
raw material in non-toxic quantities, the Parmel-
ia perlata thalli can be considered as a prospec-
tive source of new medicines on its basis.
 The obtained data can be used for the 
quality control techniques development for 
Parmelia perlata thalli.
 
References
 1. Goyal Parveen Kumar, Verma Santosh 
Kumar,Sharma Anil Kumar.Pharmacological 
and phytochemical aspects of lichen Parmelia-
Perlata: a review / International Journal of 
Research in Ayurveda and Pharmacy. 2016; 7: 
102-107.
 2. PayalPratibha, Sharma Mahesh C. 
GC-MS Analysis and Biological Activities of 
Medicinally Important Lichen: Parmeliaperlata / 
International Journal of Pharmacognosy and 
Phytochemical Research. 2016; 
8(12):1975-1985
 3. Stojanović1 Igor Z., Radulović Niko 
S., MitrovićTatjana LJ. Volatile constituents of 
selected Parmeliaceae lichens / j. Serb. Chem. 
Soc. 2011; 76 (7): 987–994.
 4. FahmidabintiAbd Rahman, Vishnu 
Priya, Gayathri R.In vitro Antibacterial Activity 
of Camphor oil against Oral Microbes / Interna-
tional Journal of Pharmaceutical Sciences 
Review and Research. 2016; 39(1): 119-121.
 5. HamidpourRafie, HamidpourSoheila, 
Hamidpour Mohsen, Shahlari Mina. Camphor 
(Cinnamomumcamphora), a traditional remedy 
with the history of treating several diseases 
/International journal of Case Reports and  
Images. 2013; Vol. 4, № 2: 86-89.
 6. Marchese A, Orhan IE, Daglia M, 
Barbieri R, Di Lorenzo A, Nabavi SF, Gortzi O, 
Izadi M, Nabavi SM. Antibacterial and antifun-
gal activities of thymol: A brief review of the 
literature / FoodChemistry.2016;210:402–414.
 7. Silva A. T. M., Pereira, V. V., de 
Almeida L. T. G., Ruiz A. L. T. G., de Carvalho 
J. E., Dias D. F., de Moreira M. E. C., Silva R. 
R., Duarte L. P. Synthesis and Biological Activi-
ty of Borneol Esters / Revista Virtual



16 PHARMACIA, vol. 65, No. 3/2018 O.A.Kyslychenko, V.V.Protska, I.O.Zhuravel, V.V.Hutsol

de Química. 2016; Vol. 8, № 3: 1020-1031.
 8. SokolovaAnastasiyaS., Yarovaya О
lgaI., ShtroAnnaA., BorisovaMarina S., Moro-
zovaEkaterina A., TolstikovaTatyana G., 
ZarubaevVladimir V., SalakhutdinovNariman 
F.Synthesis and biological activity of heterocy-
clic borneol derivatives / Chem. Heterocycl. 
Compd. 2017; 53(3):371–377.
 9. Cherneva  E, Pavlovic V., Smelcerovic 
A., Yancheva D.The effect of camphor and 
borneol on rat thymocyte viability and oxidative 
stress / Molecules. 2012; 17: 10258-10266.
 10. Qun-Lin Zhang, Bingmei M. Fu, 
Zhang-Jin Zhang. Borneol, a novel agent that 
improves central nervous system drug delivery 
by enhancing blood–brain barrier permeability/ 
Drug Delivery. 2017; 24 (1): 1037-1044.
 11. Erasto Paul, Viljoen Alvaro M.Limo-
nene - A review: Biosynthetic, ecological and 
pharmacological relevance / Natural Product 
Communications. 2008; Vol.3, № 7: 1193-1202.
 12. De Sousa DP, Nóbrega FF, de Lima 
MR, de Almeida RN.Pharmacological activity 
of (R)-(+)-pulegone, a chemical constituent of 
essential oils / Zeitschrift fur Naturforschung. C, 
Journal of biosciences. 2011; Vol. 66, №. 7-8: 
353.
 13. ShettigarN. B., Das S., Rao N. B., 
Rao S. B.Thymol, a monoterpene phenolic 
derivative of cymene, abrogates mercury-in-
duced oxidative stress resultant cytotoxicity and 

genotoxicity in hepatocarcinoma cells /Environ-
mental Toxicology. 2014.; 30(8): 968–980.
 14. Nagle P. S., Pawar Y. A., Sonawane 
A. E., Nikum A. P, PatilU. D.,MoreD. H.Thy-
mol: synthesis, reactions and its spectrum of 
pharmacological and chemical applications 
/Indo American Journal of Pharmaceutical 
Research. 2013; 3 (9): 7549-7561.
 15. GhaderJalilzadeh-Amin, Massoud-
Mahama. Evaluation of Pulegone on transit time 
and castor-oil induced diarrhea in rat /Pharma-
ceutical sciences. 2013;19(3): 77-82.
 16. Kim, Y. W., Kim, M. J., Chung, B. 
Y., Bang, D. Y., LimS. K., ChoiS. M., LimD. 
S.Safety evaluation and risk assessment 
ofd-Limonene / Journal of Toxicology and Envi-
ronmental Health. 2013; 16(1): 17–38.
 17. OrderoftheMinistryofPublicHealtho-
fUkraine “OnStateRegistrationofMedicinal-
Products” № 357 from 27.09.2002. [On-
line]Available from: http://mozdocs.kiev-
.ua/view.php?id=1732[Accessedon: 5th March 
2018]. 
 18. Dababneh M. F. , Protska V. V. , 
Kyslychenko O. A., Zhuravel I. O. The study of 
Hostalancifolia rhizomes with roots, leaves and 
flowers volatile components / Mooen F. Dabab-
neh, Victoria V. Protska, Oleksandra A. Kysly-
chenkoet al. Der Pharma Chemica. 2016;  8(20): 
214-219.

Corresponding author:
Victoria Protska, 
Department of Chemistry of Natural Compounds,
National University of Pharmacy,
Valentynivska str., 4,. Kharkiv, 61146, Ukraine
e-mail: vvpotskaya@gmail.com


