
Asian Journal of Pharmaceutics • Jan-Mar 2018 (Suppl) • 12 (1) | S145

Identification of Calendula and Eucalyptus 
Alcoholic Tinctures Volatile Compounds 

in the Compounding Ointment by Gas 
Chromatography–mass Spectrometry

Lesia P. Savchenko1, Liudas Ivanauskas2, Kateryna A. Uminska3,  
Lyubov V. Tereschenko4, Victoriya A. Georgiyants5

1,3Department of Quality, Standardization and Certification of Drugs, Institute of Pharmacy Professionals 
Qualification Improvement, National University of Pharmacy, Kharkiv, Ukraine, 2Department of Analytical 
and Toxicological Chemistry, Lithuanian University of Health Sciences, Kaunas, Lithuania, 4Department of 
Organization and Economics of Pharmacy, National University of Pharmacy, Kharkiv, Ukraine, 5Department of 
Pharmaceutical Chemistry, National University of Pharmacy, Kharkiv, Ukraine

Abstract

Context: Alcoholic tinctures of Calendula officinalis and Eucalyptus globulus are often found in the extemporal 
dosage forms composition, including ointments. Their pharmacological effect is caused by the presence of 
biologically active substances, which determine the direction of dosage form action. Therefore, during the 
stability studies, it is necessary to evaluate their concentration in the dosage form. Aim: Development of the gas 
chromatography–mass spectrometry (GC/MS) method for the determination of the ointment with C. officinalis 
and E. globulus tinctures stability. Materials and Methods: In this research, the GC/MS method was used for 
determining the volatile compounds of both tinctures, with their subsequent determination in the compounding 
ointment containing them. Results and Discussions: α-cadinol, δ-cadinene, t-muurolol, γ-cadinene, viridiflorene, 
and α-muurolene were identified as the C. officinalis tincture main components. 1,8-cineole, α-pinene, 
aromadendrene, ρ-cymene, β-eudesmol, (-)-globulol, α-eudesmol, and β-pinene were isolated in the E. globulus 
tincture. Analysis of the ointment dissolved in chloroform had shown the presence of a small amount of the both 
tinctures main components. The same technique has been used to analyze the stability of ointment. The results of 
ointment research after storage at a temperature of 5 ± 3°C for 18 days have been indicated decreasing of the main 
substances of plant tinctures concentration. Conclusions: Thus, developed GC/MS method allows to determine 
the concentration of active components of both tinctures and can be used to study the ointment chemical stability.
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INTRODUCTION

Tinctures from medicinal plants (Calendula, 
Eucalyptus, Arnica, valerian, Hawthorn, 
Mint, Pepper, Sagebrush, Motherwort, 

etc., Tinctures) are often the main components of 
compounding preparations for the dermatological 
diseases treatment. The most popular among 
them are alcoholic tinctures of Calendula 
officinalis and Eucalyptus globulus. C. officinalis 
alcoholic tincture shows antimicrobial, 
antifungal, antiviral, anti-inflammatory, 
antioxidant, and wound healing properties due 
to its content of flavonoids, flavonol glycosides, 
and anthocyanin’s.[1-3] The main pharmacological 
effect of E. globulus tincture is antimicrobial[4,5] 
due to the presence of an essential oil with 
1,8-cineole as the main component.[6] In addition, 
the principal components of the E. globulus 

essential oil, α-pinene, limonene, β-pinene, p-cymene, 
γ-terpinene, and aromadendrene also have these properties.[4]

The combination of both tinctures action was used in the 
compounding ointment: Calendula tincture 5 ml; Eucalyptus 
tincture 5 ml; dimexide 2.5 ml; paraffin liquid 12.5 ml; and 
wool fat substance 12.5.
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Since the effect of ointments with plant tinctures is due 
to their component composition, it becomes necessary 
studying the stability of such ointments with the possibility 
to determine the period during which the ointment will 
provide the necessary pharmacological action. Great 
interest, in this case, represents gas chromatography–mass 
spectrometry (GC/MS) method. It allows identifying the 
volatile components of the tinctures and determining their 
concentration and composition changing over time by the 
peak area of the active components. At the same time, this 
analysis does not require a lot of time for sample preparation.

Several methods for analyzing the oils components of both 
tinctures by the GC/MS have been proposed today. The main 
area of their using is the assessment of the oils components 
composition changing, depending on different periods and 
growth conditions, as well as evaluating the efficiency of 
different extraction types using in the sample preparation 
process.

GC/MS method of Calendula oil analysis was proposed on 
a capillary GC/MS with split ratio 1:30,[7] GC/MS analysis 
was done with split mode of Uzbekistan Calendula’s 
essential oils.[8] GC/MS method was used after solid phase 
microextraction for assessing of the Calendula’s oil main 
components quantitative content changing depending on the 
application of different types of fertilizers.[9] GC/MS method 
was developed for studying Calendula oil components 
concentration change with increasing on the period of plant 
growth.[10] In addition, the GC/MS method was proposed to 
determine the components content of Calendula oil obtained 
by different methods.[11] GC/MS method was done for 
C. officinalis flowers methanolic extract analysis[12] with split 
injection (split ratio 1:50) and hydroalcoholic extract[13] by 
splitless mode.

The GC/MS method was used to determine the Eucalyptus 
essential oil components after hydrodistillation. The samples 
of oil were dissolved in hexane (split ratio 1:20)[6] and by 
GC/MS with split ratio 1:4.[14] Eucalyptus oil analysis by 
GC/MS with the split mode 1:100[15,16] was also described in 
the literature.

GC/MS method with split injection mode for the ointment 
with Eucalyptus oil stability analysis was proposed. The 
stability of three ointments was studied within 6 months 
including the determination of percentage of Eucalyptus oil 
in them.[17]

MATERIALS AND METHODS

Materials

For the ointment preparation and further researchers 
were used C. officinalis alcoholic tincture (series 30416, 

PJSC “Phytopharm,” Ukraine), E. globulus alcoholic 
tincture (series 81115, PJSC “Phytopharm,” Ukraine), 
dimethylsulfoxide (series PHS130916, Gaylord Chemical 
Company LLS, USA), paraffin liquid (series 0000022579, 
Sasol Wax GmbH, Germany), and wool fat substance (series 
4039, Imperial-Oel-Import, Germany). The investigations 
were carried out on a gas chromatograph with a mass detector 
GC/MS-QP2010 Ultra Shimadzu with autosampler AOC 
5000 Plus and column Rxi-5MS (30.0 m × 0.25 µm). The 
electronic balances Shimadzu UniBloc AUW 120D were 
used for weighing of the ointment samples.

Chromatographic conditions

The column oven temperature with gradient method: initial 
temperature was 50°C (held for 5 min) and final temperature 
was 200°C by increasing rate of 5°C/min (held for 8 min). 
Flow rate: 1.22 ml/min. Injection temperature: 270°С. 
Injection mode: splitless, sampling time 1.5 min (for the 
ointment analysis) and split 1:50 (for the tinctures analysis). 
Carrier gas: helium. Total analysis time: 43 min.

Sample preparation

About 0.500 g of ointment was dissolved in 50.0 ml 
volumetric flask in chloroform. The solution was filtered 
through a Q-MAX RR Syringe Filters filter (filter diameter 
25 mm, membrane 0.22 µm PTFE hydrophobic) into the 
vials. C. officinalis and E. globulus tinctures were placed 
in vials in an amount corresponding to their content in the 
ointment samples (0.067 ml).

RESULTS AND DISCUSSION

After analyzing the literature information on the analysis of 
C. officinalis and E. globulus oils, we have developed the 
GC/MS method for analyzing the test ointment. We have used 
splitless injection mode, based on the small concentrations of 
the tinctures active ingredients in the ointment. C. officinalis 
and E. globulus tinctures, which are part of the ointment, 
were used as standards. To determine the both tinctures 
markers, they were first analyzed by the developed method 
but using split mode.

Due to the C. officinalis alcoholic tincture analysis [Figure 1 
and Table 1], 16 biologically active substances were isolated. 
Six compounds are the main ones: α-cadinol, δ-cadinene, 
t-muurolol, γ-cadinene, viridiflorene, and α-muurolene.

The results obtained match up with the data of earlier 
studies on the components Calendula oil content. In 
different studies, α-cadinol, t-cadinol,[9,13,18] α-thujene,[9,11,13] 
α-muurolene, γ-muurolene,[9,18] γ-cadinene, δ-cadinene, 
α-cadinene,[8,11] viridiflorol, β-cubebene,[8,18] epi-α-muurolol, 
β-caryophyllene,[11] and α-humulene[18] were isolated in it.
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The results of the E. globulus alcoholic tincture analysis 
[Figure 2 and Table 2] have shown the presence of 19 
biologically active substances.

The main Eucalyptus oil component was 1,8-cineole 
(30.85%). In addition, seven substances were identified 
in it as markers: α-pinene, aromadendrene, ρ-cymene, 
β-eudesmol, (-)- globulol, α-eudesmol, and β-pinene.

The results obtained coincide with the data of other 
studies on the component content of E. globulus oil. 
Other authors in the analysis of E. globulus oil or tincture 
identified α-pinene,[6,14,16,17,19] β-pinene, 1,8-cineole,[6,14-17,19] 
limonene,[6,16] cymene,[6,15-17] globulol, α-terpineol,[15-17,19] 
α-phellandrene, γ-terpinene, α-terpineol,[6,15] α-terpinyl 
acetate, α-gurjunene, viridiflorol, and (-)-globulol.[15]

After this, to analyze the content of plant components, an 
analysis of the ointment dissolved in chloroform has been 
performed [Figure 3].

Among the plant components, nine marker compounds were 
identified [Table 3].

Figure 1: Chromatogram of the Calendula officinalis alcoholic tincture analysis by gas chromatography–mass spectrometry

Figure 2: Chromatogram of Eucalyptus globulus alcoholic tincture analysis by gas chromatography–mass spectrometry

Table 1: Components of volatile fraction of 
C. officinalis alcoholic tincture

Compound name tR (min) Area (%)
α‑thujene 8.463 2.76

α‑pinene 8.688 1.25

α‑humulene 24.723 1.67

9‑epi‑(E)‑caryophyllene 24.917 2.33

α‑muurolene 25.282 1.83

α‑guaiene 25.615 1.57

viridiflorene 25.767 7.53

α‑muurolene 25.870 5.09

γ‑cadinene 26.221 9.81

δ‑cadinene 26.430 21.49

cubenene 26.658 2.00

α‑cadinene 26.785 3.00

viridiflorol 28.116 1.74

t‑muurolol 29.235 11.32

α‑muurolol 29.328 1.58

α‑cadinol 29.528 25.03
C. officinalis: Calendula officinalis
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1,8-cineole, aromadendrene, (-)-globulol, β-eudesmol, 
α-eudesmol, and cryptomeridiol are the components of the 
E. globulus essential oil; α-cadinol is the main component 
of C. officinalis essential oil; 9-epi-(E)-caryophyllene 
and viridiflorol are contained in both plants essential oils. 
Figure 4 shows the formulas of marker substances that were 
determined in ointment samples using this method.

 Since today, the problem of extemporal dosage forms 
stability is acute in Ukraine and foreign countries; it was 
interesting to check the possibility of the method using to 
assess the ointment stability by changing the areas of plant 
components peaks values. This method does not require a 
long sample preparation, which ensures the analysis rapidity. 
The studied ointment has been stored after opening the 
package at a temperature of 5 ± 3°C for 18 days. After this, 

the ointment repeated analysis was performed using the 
developed GC/MS method [Figure 5]. In the figure below, 
ointment 1 is the freshly prepared ointment, and ointment 2 
is the ointment after 18 days of storage.

The obtained results indicate the concentration decreasing of 
the main active ingredients of both tinctures essential oils in the 
second ointment. Some components (9-epi-(E)-caryophyllene, 
viridiflorol, β-eudesmol, and α-eudesmol) were not identified 
in it. The conducted researchers confirmed the possibility of 
using this method for stability analysis of ointment.

Figure 3: Chromatogram of the ointment chloroform solution analysis by gas chromatography–mass spectrometry

Table 2: Components of volatile fraction of 
E. globulus alcoholic tincture

Compound name tR (min) Area (%)
α‑pinene 8.687 10.26

β‑pinene 10.231 4.37

α‑phellandrene 11.247 1.33

ρ‑cymene 11.946 7.39

D‑limonene 12.090 3.01

1,8‑cineole 12.165 30.85

γ‑terpinene 13.134 2.19

L‑α‑terpineol 17.394 3.65

α‑terpinyl acetate 21.927 1.05

aromadendrene 24.353 7.47

9‑epi‑(E)‑caryophyllene 24.912 1.30

γ‑gurjunene 25.772 0.82

(‑)‑globulol 27.928 5.93

viridiflorol 28.118 1.25

γ‑eudesmol 29.019 3.12

β‑eudesmol 29.457 6.94

α‑eudesmol 29.521 4.86

α‑phellandrene dimer 32.561 0.84

cryptomeridiol 32.981 3.36
E. globulus: Eucalyptus globulus

Figure 4: Chemical structure of compounds identified by gas 
chromatography–mass spectrometry in the compounding 
ointment with tinctures. (1) 1,8-cineole, (2) aromadendrene, 
(3) 9-epi-(E)-caryophyllene, (4) (-)-globulol, (5) viridiflorol, 
(6) β-eudesmol, (7) α-eudesmol, (8) α-cadinol, (9) cryptomeridiol

1 2 3 4

5 6 7

8 9
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CONCLUSIONS

During the analysis of volatile components of Calendula and 
Eucalyptus alcoholic tinctures, and ointment containing them, 
by GC/MS method the substances - markers of tinctures 
were determined. They can be used to analyze the stability 
of the ointment. Developed method was used for the stability 
analysis of the ointment, which has been stored for 18 days 
at a temperature of 5 ± 3°C. The obtained results indicate 
decreasing of main ointment components concentration 
and prove the possibility of using the developed method for 
studying the ointment stability.
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