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Abstract. In this study, volatile composition of leaves of Chorisia speciosa was studied first time. The oil was
extracted by microwave-assisted oil extraction and constituents were separated and characterized by gas
chromatography - mass spectrometry. A yield of 0.21% was obtained and a total of 25 constituents were
identified. Most dominating constituents were: caryophyllene (32.26 %), bicyclogermacrene (9.88 %),
humulene (9.26 %), a-selinene (9.18 %) and B-elemene (8.06 %). The anti-bacterial activity of volatile oil was
also evaluated against four pathogenic strains. The oil showed different zones of inhibition against different
microbes where strongest activity was found against S. aureus (25 mm), moderate activity (15 mm) against E.
coli and no activity against S. typhi (9 mm) at the dose value of 3.64 mg. The observed antibacterial activity
was due to the presence of various biologically active major and minor constituents.
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Resumen. Se estudian por primera ocasién los componentes volatiles de las hojas de Chorisia speciosa. El
aceite fue extraido empleando microondas y sus componentes fueron separados y caracterizados empleando
cromatografia de gases-espectrometria de masas. El aceite se obtuvo con un rendimiento del 0.21% y se
identificaron 25 compuestos. Los componentes mas abundantes son cariofileno (32.26%) biciclogermacrano
(9.88%), humuleno (9.26%), a-selineno (9.18%) y B-elemeno. La actividad antibacterial del aceite volatil fue
evaluada frente a cuatro colonias de patdgenos, mostrando diferentes areas de inhibicion contra diferentes
microorganismos, en donde la actividad mas intensa la mostro frente S. aureus (25 mm), contra E. coli mostro
actividad intermedia y no fue activo frente a S. typhi (9 mm) en dosis de 3.64 mg. La actividad antimicrobiana
observada se debe a la presencia en mayor o menor proporcion de varios compuestos bioactivos.

Palabras clave: Chorisia speciosa; aceite volatil; sesquiterpenos; actividad antimicrobiana.

Introduction

Chorisia speciosa (Silk floss tree) is the member of family Bombacaceae. It is a perennial, deciduous,
woody tree, distinguished by its swollen trunk and spiny bark, mostly present in tropical and subtropical regions
of the world.[1] Being economical, it is used throughout the world due to its medicinal and commercial
importance.[2] Its seeds are a rich source of protein and produce oil which is unsaturated in nature. When stem
of the plant suffers from some sort of injury, a gum composed of polysaccharide units, exudates.[3] It has been
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traditionally used in many health issues as fever, diarrhea, diabetes, parasitic infections, ulcer, and rheumatism.
It is widely used in medicine as it possessess anti-inflammatory, antioxidant, hepatoprotective and cytotoxic
activities.[4] Previously this plant is known to contain flavones, flavonols, anthocyanidins, steroids, tannins,
fatty acids, fatty esters and triglycerols, carbohydrates and uronic acids.[1]

Pathogenic microbes are a common cause of various diseases including infectious diseases caused by
multi drug resistant microbes. Essential oils are known to possess a strong activity against these microbes
including their resistant variants.[5] The aim of this study was to report the volatile composition of Chorisia
speciosa and its antimicrobial activity against various pathogenic microbes. To the best of our knowledge, this
is the first report on the volatile oil constituents of the leaves of Chorisia speciosa.

Experimental
Materials and Methods

Extraction of oil

Fresh leaves of Chorisia speciosa were collected from Jinnah garden, Lahore, Punjab, Pakistan. The
plant was identified by Dr. Abdul Rehman Niazi and voucher specimen (LAH#0312019) was submitted to the
herbarium in Department of Botany, University of the Punjab, Lahore, Pakistan. Fresh leaves were cleaned and
70 g material was subjected to the microwave-assisted extraction of in a Clevenger type apparatus for 45
minutes using a domestic and modified microwave (Nobel-OM46SS, output frequency: 2450 MHz, input
voltage: 230 V~50 Hz, output voltage: 1000 W,) set at 60 % for regulating temperature. n-Hexane was used as
the collecting solvent. The extraction was repeated thrice to attain the maximum quantity of essential oil. The
oil was separated from the solvent, placed into a sealed cap vial and stored in the refrigerator at temperature
below -10 °C for further analysis by gas chromatography - mass spectrophotometry. For antibacterial analysis,
the solvent was removed by evaporating it at low temperature.

Gas chromatography- mass spectrometry

Agilent technologies (Gas chromatograph GC7890B and mass spectrometer MS5977A) was used for
the GC-MS analysis. The volatile components of oil were separated in DB-5MS column (30m x 250pum ID x
0.25um thickness of film). The operation was started at 50 °C and raised at the rate of 8°C / min to the final
temperature of 300 °C where temperature was sustained for 1 minute. Carrier gas used in this process was
Helium, having ImL/min flow rate. 1pL volume of sample oil was injected in the split mode at the ratio 1:10.
The temperature of injector was 260 °C. The temperature ranges for ion source and transfer line was 25°C and
300 °C. Volatile oil constituents were identified by comparing their mass spectra with standards provided in
NIST-2011 library. Retention indices were calculated by running saturated alkanes (C7-Cso) under the same
conditions through which the oil was run and compared with the ones cited in literature [6,7] for comparison
and hence dual confirmation of compounds was performed. Constituents were arranged in the increasing order
of their retention times and retention indices (RI). Their relative abundance was reported using peak area
normalization method.

Antibacterial assay

Three pathogenic strains: Staphylococcus aureus, Escherichia coli and Salmonella typhi were obtained
from Jinnah Hospital, Lahore and were characterized prior to activity evaluation by standard Analytical Profile
Index method (API). For the evaluation of antibacterial activity of volatile oil of leaves of Chorisia speciosa,
agar well diffusion method was used. Media was prepared with Muller Hinton agar. The wells were bored by
the sterilized Pasteur pipette and then the bacterial culture was spread over the plates. Plant extract (10 uL, 20
pL, and 40 pL with 0.91 mg, 1.82 mg, 3.62 mg, respectively) dissolved in n-hexane was poured into these
wells. Doxycycline was used as the positive control (25 pg). All the plates were placed overnight at 37 °C and
then their zones of inhibition were measured. The method was adopted from a previously published report with
minor modifications.[8]
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Results and discussion

Volatile components of leaves of Chorisia speciosa

Light yellow oil with a yield of 0.21 % was obtained from the leaves of Chorisia speciosa. A total of
25 compounds constituting a percentage of 93.79 % were successfully identified. The most abundant
components were caryophyllene (32.26 %), bicyclogermacrene (9.88 %), humulene (9.26 %), a-selinene (9.18
%) and B-elemene (8.06 %) as shown in Fig 1. Mass spectra of these compounds are provided in Fig 2 and a
complete list of identified compounds is shown in Table 1. Previously, Chorisia speciosa has been used as a
synthetic reserve for various fatty acids including linoleic acid and palmitic acid etc. [9] but this phytochemical
profile highlights the potential to isolate industrially important caryophyllene and bicyclogermacrene from the
leaf essential oil.
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Fig. 1. Total Ion chromatogram of leaf essential oil of Chorisia speciosa. Numbers represent major compounds
(1: B-Elemene, 2: Caryophyllene, 3: Humulene, 4: D-Germacrene 5: a-Selinene, 6: Bicyclogermacrene).
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Fig. 2. Mass spectra of six major constituents of leaf oil of Chorisia speciosa having matching similarity with
NIST-2011 standards. (1: B-Elemene, 2: Caryophyllene, 3: Humulene, 4: D-Germacrene 5: a-Selinene, 6:
Bicyclogermacrene) In all cases, S — Spectra of the compound present in the oil sample, L — Spectra of the
compound matched from NIST-2011 library.

Fragmentation patterns and relative mass spectral data of six major compounds identified from
essential oil sample, are provided as follows:

Compound No. 1. Caryophyllene: 204(9, M*), 189(23), 175(12), 161(35), 147(32), 141(4), 133(93),
128(3), 120(42), 115(8), 110(4), 105(66), 93(100), 79(85), 69(80), 63(3), 55(36), 50(3), 41(85); Peak match
99 %; Second confirmation was performed by Retention Index match (calculated value 1421, literature value
1418).

Compound No. 2. Bicyclogermacrene: 204(46, M), 189(85), 175(26), 161(43), 147(35), 141(1),
133(55), 115(8), 107(83), 79(68), 67(40), 55(37), 41(59); Peak match 81 %,; Second confirmation was
performed by Retention Index match (calculated value 1499, literature value 1496).

Compound No. 3. Humulene: 204(5, M"), 189(2), 161(4), 147(17), 136(3), 121(29), 115(2), 107(15),
93(100), 80(33), 67(15), 41(23); Peak match 97 %; Second confirmation was performed by Retention Index
match (calculated value 1452, literature value 1455).

Compound No. 4. a-Selinene: 204(65, M"), 189(50), 175(26), 161(67), 147(49), 133(59), 128(5),
121(63), 105(99), 93(98), 79(90), 67(61), 41(73); Peak match; Retention Index match (calculated value,
literature value) confirmed it to be a-Selinene.
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Compound No. 5. B-Elemene: 204(2, M), 189(25), 175(7), 161(29), 147(44), 133(30), 128(9),
121(42), 115(3), 107(65), 93(100), 81(98), 67(77), 53(44), 41(53); Peak match 93 %; Retention Index match
(calculated value 1385, literature value 1390) also confirmed it to be B-Elemene.

Compound No. 6. D-Germacrene are 204(17, M"), 189(2), 177(6), 161(100), 147(8), 133(27), 119(38),
105(58), 91(66), 79(40), 67(21), 55(22), 41(44), 32(34); Peak match 99 %; Retention Index match (calculated
value 1480, literature value 1482) also confirmed it to be D-Germacrene.

Caryophyllene is the most abundant component found in essential oil of Chorisia speciosa. It is the
member of bicyclic sesquiterpenes, with strong wooden odor and used in cosmetics and food industry.[10] It
also shows strong antibacterial activity against various bacterial strains. This compound exhibits more distinct
antimicrobial activity against Gram-positive strains than Gram-negative strains. In literature E. coli was found
less vulnerable than the other Gram-positive bacterial strains tested. Previous findings have proven its
antimicrobial, anticarcinogenic, antioxidant, antibiotic, anti-inflammatory, and local anaesthetic effects.[11]
Bicyclogermacrene, the second most abundant compound is a sesquiterpene that is used as a tea flavor due to
its sweet herb like odor.[12] It possesses antibacterial, anti-inflammatory, anticancer, antiulcer, and
antirheumatic properties [13] where bicyclogermacrene present in Heracleum. sprengelianum leaf oil exhibited
exceptional mosquito larvicidal activity on Anopheles subpictus. [14] It is generally observed in Origanum
laevigatum, Petroselinum crispum, Laurus nobilis, Coriandrum sativum, Mentha piperita citrata, Melissa
officinalis etc. [15] and is the main constituent in the oil of Origanum laevigatum.

Humulene, another significant compound, possesses woody aroma and herbal characters which makes
it pleasant for senses.[16,17] It is known for its anticancer activity [18] whereas along with caryophyllene,
shows antibacterial activity against S. aureus, Pseudomonas aeruginosa, Bacillus subtilis, Escherichia coli,
Bacillus sphaericus and Salmonella typhimurium.[19,20] a-Humulene is another antibacterial agent [21] and it
is also known as an eco-friendly larvicide.[22] Another important constituent, -elemene was identified which
belongs to the class of elemenes that adds floral aroma to plants and thus used as pheromones by some insects.
It has an effective role in the treatment of hyperplastic and proliferative disorders and shows strong inhibition
in ovarian cancer cells. [23]

Table 1. Volatile components of leaves of Chorisia speciosa.

Sr. No. | Retentio Names of Retention Retention Relative Identification
n compounds Indices Indices Abundance Methods
Time Calculated Literature (%)
(min) Rlwiy Rl
1. 3.23 Hexanal 800 798 0.24 MS, RI
2. 5.25 a-Pinene 931 930 0.59 MS, RI
3. 6.02 B-Pinene 975 973 1.56 MS, RI
4. 6.25 B-Myrcene 988 986 2.56 MS, RI
5. 6.53 3-Hexen-1-ol, 1005 1002 2.60 MS, RI
acetate, (2)-
6. 8.35 Nonanal 1102 1100 0.67 MS, RI
7. 11.55 p- 1280 1278 0.44 MS, RI
Ethylguaiacol
8. 12.52 d-Elemene 1324 1323 1.54 MS, RI
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9. 13.18 a-Copaene 1370 1375 0.68 MS, RI
10. 13.43 B-Elemene 1385 1390 8.06 MS, RI
11. 13.92 Caryophyllene 1418 1421 32.26 MS, RI
12. 14.39 B-Farnesene 1448 1451 0.89 MS, RI
13. 14.45 Humulene 1452 1455 9.26 MS, RI
14. 14.57 Alloaromaden 1462 1462 0.65 MS, RI
drene
15. 14.87 D-Germacrene 1480 1482 3.40 MS, RI
16. 14.97 a-Selinene 1488 1488 9.18 MS, RI
17. 15.10 Bicyclogerma 1499 1496 9.88 MS, RI
crene
18. 15.23 B-Bisabolene 1506 1505 1.74 MS, RI
19. 15.36 v-Muurolene 1515 1513 0.46 MS, RI
20. 15.48 8-Cadinene 1525 1522 1.99 MS, RI
21. 16.34 Spathulenol 1582 1579 0.92 MS, RI
22. 16.44 Caryophyllene 1589 1586 2.59 MS, RI
oxide
23. 17.20 Isoaromadendr 1594 1639 0.71 MS, RI
ene epoxide
24, 17.39 B-Selinenol 1649 1653 T MS, RI
25. 30.17 Supraene 2823 2815 0.92 MS, RI

Total = 93.79 %, MS = Mass spectrometer, RILit = Retention indices obtained from Adams & NIST online database, Rl(c)
= Retention indices calculated relative to C7-C3o authentic standards under same conditions used for essential oil analysis.

The compounds are classified in Table 2 which represents sesquiterpenes, oxygenated sesquiterpenes

and monoterpenes being the most dominating classes with 79.99 %, 4.22 % and 4.71 %. Sesquiterpenes, known
to exhibit strong antimicrobial activity [24-26] along with anti-tumor and anti-inflammatory activities [27], was
the most dominating class having numerous active compounds such as caryophyllene, humulene,
bicyclogermacrene etc. Caryophyllene and its oxides mainly belong to sesquiterpenes and possess strong anti-
inflammatory, antifungal and cytotoxic activities along with antimicrobial potential. [28] Oxygenated
sesquiterpenes was the second most abundant class comprising various active constituents including
caryophyllene oxide [29], spathulenol [30], f-Selinenol [31] etc. Monoterpenes being the third major class also
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include active constituents such as a-Pinene, B-Pinene [32] and B-Myrcene. [33] a-pinene and B-pinene are
known to inhibit the growth of potential infectious gram-positive bacteria causing endocarditis. [34]

Table 2. Classification of different volatile constituents.

Class of Volatile . . Percentage
Constituents Serial Number of the Constituents (%)
Monoterpenes 2,3,4 4.71
Sesquiterpenes 8,9,10,11,12,13,14,15,16,17, 18, 19,20 79.99

Oxygenated sesquiterpenes 21,22,23,24 4.22
Aldehydes 1,6 0.91

Others 5,7,25 3.96

Total 93.79

Antibacterial activity

In general, oils are hydrophobic in nature and cause deadly effects in terms of permeability and proton-
motive force on cell membranes [35] that ultimately results in ion leakage; hence membrane permeability is
key factor in this regard. [36] Previously methanol extract of Chorisia speciosa has been reported to possess
antimicrobial potential against B. cereus, S. aureus, P. aeruginosa, K. pneumonia, S. enteric and hexane extract
of this species is also active against E. coli. Besides antimicrobial activity, this plant has been reported for its
antipyretic and anti-inflammatory activities. [37] Its fixed oil is known to exert anti-obesity and hypoglycaemic
effects which suggests the use of its edible oil in preventing obesity and related disorders. [9] In this study,
antibacterial evaluation of essential oil of Chorisia speciosa against three pathogenic microbes was evaluated
and it showed highest activity against S. aureus (25 mm), and then against E. coli (15 mm) whereas no activity
was found against S. #yphi at the dose level of 3.64 mg presenting its stem potential as shown in Table 3.
However, in comparison, the positive control showed a strong activity at a dose value of 25 pg against S. aureus
(27 mm), S. typhi (22 mm) and E. coli (20mm), hence the essential oil activity was considered as moderate
against S. aureus and weak against E. coli, taking into account the difference in dose values and their zones of
inhibition.

The main reason behind this activity may obviously be the presence of sesquiterpenes along with other
classes.[38,39] Hence, in future, this oil may possibly prove to be important in treating diseases caused by these
microbes such as osteomyelitis, endocarditis, abscesses, bloodstream infections, and diarrhea etc., along with
other diseases. Higher activity against S. aureus may be attributed to the presence of caryophyllene, [38,40,41]
where it has also shown activity against E. coli.[41,42] Caryophyllene was found to be more effective as
compared to standard drug, kanamycin against S. aureus and P. aeruginosa, and exhibited promising activity
against K. pneumoniae, E. coli, [38] S. sobrinus, S, salivarius, S. sanguinis, S. mutans [43], Enterococcus
faecalis, Proteus vulgaris, Salmonella abony [41), S. epidermidis, S. typhimurium [42] and B. subtilis.[40]
Bicyclogermacrene was active against S. aureus (MIC 292 ng/mL) and E. coli. [44] Humulene isolated from
the essential oil of Abies balsamea was also active against S. aureus and E. coli [19] MIC of a-humulene for
Bacteroidid fragilis came out to be 2 pg/mL [45] and is also active towards P. aeruginosa and B. cereus. [21]
Caryophyllene and D-germacrene exhibit their activity against various strains including S. aureus and E. coli
(MIC 125-250pg/mL) which is higher than streptomycin.[46] D-germacrene showed an MIC value of
30.33pg/mL against S. aureus.[47] B-elemene also showed promising activity against S. aureus along with
Propionibacterium acnes and Maiassezia furfur with an MIC value of 125pg/mL.[48] On the other hand,
numerous minor constituents of essential oil are also known for their significant potential especially o-pinene
which exhibited significant activity against S. aureus and E. coli.[34,49] y-Muurolene is responsible for strong
inhibition of E. coli growth and caryophyllene oxide is active towards many bacterial strains including S. aureus
and E. coli.[50,51] A number of these active constituents have imparted their role either individually or in
synergy to produce the resultant activity. However, the difference in the activity was obviously due to difference
in the mode of action of oil against different bacteria due to the difference in their genetic and cell wall makeup
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and the fact that drugs target at different sites. Moreover, the lower activity against gram-negative bacteria
attributes to the lower vulnerability of these microbes towards volatile oils, since they hold a layer of
lipopolysaccharide wrapping around the cell wall that hampers the penetration of hydrophobic compounds.[52]

Fig. 3. Antibacterial activity of oil against various strains.

Table 3. Antibacterial activity of oil against various strains.

Different concentrations of dissolved oil (91mg/mL)
. 10 uL 20 pL 40uL (Doxycycline)
Test micro 25 ug
organisms (0.91 mg) (1.82 mg) (3.64 mg)
Zones of inhibition (mm)
E.coli 12 13 15 20
S. typhi 00 00 00 22
S. aureus 11 23 25 27
Conclusions

Essential oil compoosition of leaves of Chorisia speciosa led to the identification of 25 components
including caryophyllene (32.26 %), bicyclogermacrene (9.88 %), humulene (9.26 %), a-selinene (9.18 %) and
B-elemene (8.06 %) as major constituents. Major part of the composition belonged to sesquiterpenes that
possess numerous pharmacological properties including antimicrobial activity. Essential oil showed moderate
activity against S. aureus and weak activity against E. coli whereas no activity was observed against S. typhi.
Future studies may be performed to further explore the antimicrobial potential of this essential oil.
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