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a b s t r a c t
Aim of the study: In traditional healing, the burning of selected indigenous medicinal plants and the
inhalation of the liberated smoke are widely accepted and a practiced route of administration. This
study elucidated the rationale behind this commonly practiced treatment by examining the antimicrobial
activity for ﬁve indigenous South African medicinal plants commonly administered through inhalation
(Artemisia afra, Heteropyxis natalensis, Myrothamnus ﬂabellifolius, Pellaea calomelanos and Tarchonanthus
camphoratus).
Material and Methods: An apparatus was designed to simulate the burning process that occurs in a traditional setting and the smoke fraction was captured for analysis and bioassay. Methanol and acetone
extracts as well as the essential oil (for the aromatic species) were prepared and assayed in parallel with
the smoke fraction.
Results: Antimicrobial data revealed that in most cases, the ‘smoke-extract’ obtained after burning had
lower minimum inhibitory concentration (MIC) values than the corresponding solvent extracts and essential oils. The combustion, acetone and methanol extracts produced different chromatographic proﬁles as
demonstrated for Pellaea calomelanos where several compounds noted in the smoke fraction were not
present in the other extracts.
Conclusion: These results suggest that the combustion process produces an ‘extract’ with superior antimicrobial activity and provides in vitro evidence for inhalation of medicinal smoke as an efﬁcient mode of
administration in traditional healing.
© 2008 Published by Elsevier Ireland Ltd.

1. Introduction
Medicinal plants have been used for their curative properties
by traditional healers for centuries (Hutchings et al., 1996; Van
Wyk et al., 1997). There are several routes through which medicinal plants may be administered. One of these is through inhalation,
which has various advantages in both allopathic and traditional
practices. The delivery of drugs directly to the respiratory tract
has become an increasingly important therapeutic regimen especially in the treatment of a variety of pulmonary disorders including
asthma, bronchitis, pneumonia and cystic ﬁbrosis (Suarez and
Hickey, 2000). The inhalation route of administration is used for
the treatment and prophylaxis of airway diseases or for delivery
of drugs with a systemic effect. The rapid and efﬁcient absorp-

Abbreviations: ATCC, American type culture collection; CFU, colony forming
units; HPLC, high performance liquid chromatography; INT, p-iodonitrotetrazolium
violet; MIC, minimum inhibitory concentration; PDA, photodiode array detector;
TMD, thermabeam mass selective detector; TSA, tryptone soya agar.
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tion of drugs in the lungs is facilitated by the large surface area,
high blood perfusion with abundance of capillaries and the thin
air–blood barrier. The avoidance of ﬁrst pass metabolism in the liver
is also advantageous (Taylor, 2007). Several studies have shown the
clinical efﬁcacy of inhalation therapy for the treatment of lung disorders (Clarke, 1972; Neville et al., 1977). The delivery of active
compounds directly to the lungs provides a local treatment and
effectively delivers the drug to the site of action. In this way, smaller
doses are able to achieve a maximal therapeutic effect and have
less risk of side-effects than those associated with larger doses.
Secondly, the lower doses provide considerable cost savings and
reduce systemic exposure to patients. In addition, it has also been
noted that the lungs may provide a perfect organ system for systemic delivery of drugs to the body (Suarez and Hickey, 2000).
Suarez and Hickey (2000) have cited studies that show that this
mode of administration provides substantially greater bioavailability for macromolecules than any other site of entry to the human
body.
It is common practice in African traditional healing to burn
plants and inhale the emitted smoke (Fig. 1) to treat respiratory complaints including coughs, colds, infections, inﬂuenza
and asthma (Hutchings et al., 1996; Van Wyk et al., 1997).

502

M. Braithwaite et al. / Journal of Ethnopharmacology 119 (2008) 501–506

Fig. 1. The burning of plant material and inhalation of the smoke is a common route
of administration in African traditional healing (photo: Viljoen).

Mohagheghzadeh et al. (2006) sourced ethnobotanical information from 50 countries on the use of medicinal smokes
and noted that the most common use relates to treating pulmonary conditions. This comprehensive review further emphasises
that despite the extensive use of smoke in healing rites this
mode of administration, together with the chemistry and pharmacological properties of the smoke fraction remains poorly
explored.
Using two sources (Hutchings et al., 1996; Van Wyk et al., 1997)
a number of South African plant species were identiﬁed which are
burnt and the smoke inhaled for medicinal purposes. This investigation focused on ﬁve such plants used to treat respiratory disorders,
namely, Artemisia afra, Heteropyxis natalensis, Myrothamnus ﬂabellifolius, Pellaea calomelanos and Tarchonanthus camphoratus.
Artemisia afra (Asteraceae) commonly known as African Wormwood is an aromatic, erect, multi-stemmed, perennial shrub and is
one of the most widely used traditional medicines in South Africa
(Van Wyk et al., 1997) where it is extensively used to treat colds,
coughs and inﬂuenza (Watt and Breyer-Brandwijk, 1962). It is also
common practice for the leaves to be heated and the smoke inhaled
for therapeutic purposes (Bhat and Jacobs, 1995). Bruneton (1995)
conﬁrmed the decongestant and antibacterial effects of the oils of
Artemisia afra. Antimicrobial activity of Artemisia afra was reported
in previous studies by Graven et al. (1992), which was later validated through time-kill studies of the essential oil, using various
respiratory pathogens (Viljoen et al., 2006).

Heteropyxis natalensis (Heteropyxidaceae) is a small tree of not
more than 10 m in height consisting of a branched trunk, dense
leafy branches and highly aromatic foliage, hence the vernacular
name Lavender tree (Palmer and Pitman, 1972; Coates Palgrave et
al., 1973). Infusions of the leaves are mainly used to treat colds.
The essential oil of the plant is highly aromatic and previous studies have shown antimicrobial activity against bacteria and fungi
(Gundidza et al., 1993; Van Vuuren et al., 2007).
Myrothamnus ﬂabellifolius (Myrothamnaceae), also known as
the resurrection plant is a small woody shrub not more than 0.4 m
tall, with tough, rigid branches. A remarkable feature of the plant
is its ability to transform its seemingly dead and brown leaves to
bright green when placed in water. Infusions are usually taken
orally or the leaves are burnt and smoke inhaled to treat colds
and respiratory ailments (Hutchings et al., 1996). Chest pains and
asthma have been treated by inhaling smoke from burning leaves
(Watt and Breyer-Brandwijk, 1962; Hutchings et al., 1996). The
essential oil exhibited antibacterial and antifungal activity against 9
out of 11 pathogens tested in a previous study (Viljoen et al., 2002).
Pellaea calomelanos (Adiantaceae) is a common and distinctive
fern with an underground rootstock covered in small brown scales
and about 6 mm in diameter. The leaves are burnt and the smoke
is inhaled to treat chest colds, head colds and asthma (Watt and
Breyer-Brandwijk, 1962; Hutchings and Van Staden, 1994; Van Wyk
et al., 1997).
Tarchonanthus camphoratus (Asteraceae) referred to as the wild
camphor bush is a small tree or shrub of up to 6 m tall with a greyish appearance (Van Wyk et al., 1997). Fresh or dried leaves and
branches are crushed and burnt and the smoke is inhaled to treat
asthma, rheumatism, and headaches (Watt and Breyer-Brandwijk,
1962; Hutchings and Van Staden, 1994). According to Watt and
Breyer-Brandwijk (1962), the Koi and San smoked the dry leaves
in the way tobacco is smoked and experience a type of narcotic
effect.
Previous studies have investigated the antimicrobial activity of
essential oil vapour obtained from aromatic plants (Inouye et al.,
2001) and the preservative properties of wood smoke for perishable foods have been reported (Holley and Patel, 2005). In this
study, we investigated for the ﬁrst time, the antimicrobial activity
and chromatographic proﬁles of the smoke-derived fractions from
ethnomedicinally selected plants.
2. Materials and methods
2.1. Preparation of samples for combustion experiment
Fresh plant material was collected from natural populations
and allowed to air dry. The aerial plant parts were broken up into
smaller pieces and a standard dry weight of 20 g of plant material
was used in each of the combustion experiments. Voucher specimens (Table 1) were prepared and deposited at the Department of
Pharmacy and Pharmacology, University of the Witwatersrand.
The combustion apparatus (Fig. 2) consisted of a modiﬁed pressure cooker with an entry pipe and an exit pipe, a heating plate,
a condenser surrounding the exit pipe, a water bath, a roundbottomed ﬂask and a cryostat. Plant material (20 g) was placed
in a foil dish and inserted into the vessel and allowed to burn
to produce smoke. A small aquarium pump was attached to the
entry pipe to maintain a positive pressure which directed the
smoke through the exit pipe into a round-bottomed ﬂask containing solvent (the pump was later found to be unnecessary). A
350 ml mixture of hexane and methanol (1:1) was used to capture polar and non-polar compounds from the smoke fraction.
The plant material was burnt for a standard time of 20–30 min to
simulate the average time a patient would be exposed to inhala-
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Table 1
The MIC values (mg/ml) for inhalation, methanol extract, acetone extract and essential oils
Sample

Staphylococcus aureus (ATCC 25923)

Bacillus cereus (ATCC 11778)

Klebsiella pneumoniae (ATCC 9633)

Cryptococcus neoformans (ATCC 90112)

Heteropyxis natalensis Harv. SVV 954
Inhalation
1.86
Methanol
0.38
Acetone
0.38
Essential oil
32.00

0.35
0.25
0.25
4.00

0.70
1.00
2.00
8.00

0.93
0.83
1.50
8.00

Myrothamnus ﬂabellifolius Welw. SVV 934
Inhalation
0.72
Methanol
4.00
Acetone
1.00
Essential oil
6.00

0.27
3.00
0.50
2.00

0.36
3.00
1.50
3.00

0.36
1.00
0.25
3.30

0.26
1.00
0.25
12.00

0.52
3.00
2.00
8.00

0.52
2.00
0.75
32.00

Pellaea calomelanos (Sw.) Link AV 1280
Inhalation
0.53
Methanol
>16.00
Acetone
2.00

1.00
>16.00
4.00

0.53
6.00
1.50

0.53
4.00
>32.00

Tarchonanthus camphoratus L. SVV 961
Inhalation
0.62
Methanol
2.00
Acetone
0.50
Essential oil
4.00

0.23
1.00
<0.13
3.50

0.93
3.00
1.50
6.00

0.47
1.00
0.38
6.60

0.80 × 10−3

1.25 × 10−3

Artemisia afra Jacq. ex Willd SVV 935
Inhalation
0.52
Methanol
2.00
Acetone
0.25
Essential oil
16.00

Positive controlsa

0.50 × 10−3

Blank controls (solvent)
Methanol
16.00
Acetone
>16.00
a

2.50 × 10−3
16.00
>16.00

8.00
>16.00

8.00
>16.00

Ciproﬂoxacin was used as the control for the bacterial pathogens and amphotericin B was used as the control for Cryptococcus neoformans.

Fig. 2. The combustion apparatus used to mimic the inhalation process.
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tion therapy as speciﬁed by the traditional healer. The heating
plate was maintained at 150 ◦ C. The smoke bubbled through the
hexane–methanol mixture in the bottom of the ﬂask. The roundbottomed ﬂask was placed in a water bath containing water and
polyethylene glycol. The water–polyethylene glycol mixture was
pumped through the water bath in which the round-bottomed
ﬂask was placed and also through the jacket of the condenser.
The water bath–condenser–cryostat circuit cooled the roundbottomed ﬂask and minimised evaporation of the smoke fraction.
The cryostat effectively maintained a temperature of −8 ◦ C. The
hexane–methanol smoke fraction was concentrated using a rotary
evaporator.

system (Phenomenex Aqua C18 column, 250 mm × 2.1 mm at 40 ◦ C)
and equipped with a 996 photodiode array detector (PDA) and
thermabeam mass selective detector (TMD). The samples were
dissolved in methanol at a concentration of 50 mg/ml and 10 l
injected under the following conditions: mobile phase ﬂow rate,
0.2 ml/min; nebulizer gas ﬂow, 30 L/h; nebulizer temperature,
80 ◦ C; expansion region, 90 ◦ C; and source temperature, 225 ◦ C. The
initial mobile phase was acetonitrile, 90% water containing 100 mM
formic acid and the solvent ratio was changed through a linear gradient to 90% acetonitrile, 10% water with 100 mM formic acid at
40 min. This ratio was maintained for 10 min after which the solvent
ratio was converted to that of the initial starting conditions. Data
analysis was performed using the Empower® software program.

2.2. Preparation of solvent extracts (methanol and acetone) and
essential oils
3. Results and discussion
Dried plant material (20 g) was ground and extracted with 50 ml
of either methanol or acetone. The macerated plant material was
extracted overnight, then ﬁltered and allowed to dry in a fume hood.
Essential oil samples of all four aromatic species (excluding Pellaea calomelanos which is not aromatic) were made available from
previous studies (Van Vuuren, 2007).
2.3. Antimicrobial assays/minimum inhibitory concentration
(MIC)
The MIC is the lowest concentration of test substance that prevents visible growth of an organism after incubation in a speciﬁed
growth medium and was used to quantitatively measure the in vitro
antimicrobial activity of test extracts before and after burning. In
this study, the MIC was determined by using the microtitre plate
technique (Eloff, 1998a).
Antimicrobial assays were performed on the 19 samples against
four micro-organisms; Staphylococcus aureus (ATCC 25923), Bacillus
cereus (ATCC 11778), Klebsiella pneumoniae (ATCC 9633) and Cryptococcus neoformans (ATCC 90112). The selection of test organisms
was based on respiratory pathogenesis. The MICs were performed
at least in duplicate and in some instances triplicate, where MIC
values were not congruent between repetitions.
The MIC microtitre plate method was employed, containing
a standard inoculum of bacteria (1 × 106 colony forming units),
liquid growth media (Tryptone Soya broth) and doubling serial dilutions of the antimicrobial substance of interest (inhalation extracts,
solvent extracts and essential oils). The plates were then incubated for 24 h (bacterial pathogens) and for 48 h (Cryptococcus
neoformans) at 37 ◦ C. After incubation, 40 l of a 0.02 mg/ml piodonitrotetrazolium violet (INT) solution was prepared and added
to each well. Microtitre plates were viewed after 6 h and yeast
plates were viewed after 24 h. The INT solution was used to indicate biological activity and showed a colour change in relation to
the concentration of microbial growth. The positive controls consisted of wells containing commercially available antibiotics, either
ciproﬂoxacin (for bacteria) or amphotericin B (for the yeast Cryptococcus neoformans). The positive controls gave an indication of the
sensitivity of the micro-organisms tested. Negative controls consisted of broths that were incubated under the same conditions
as the plates so that sterility of the nutrient media was ensured.
Blank controls (methanol or acetone) were also included to ascertain whether the diluents had any antimicrobial activity.
2.4. High performance liquid chromatography (HPLC)
The methanol and acetone extracts and the samples obtained
from the combustion experiment were analysed by high performance liquid chromatography using a Waters 2690 HPLC

The MIC was used to facilitate a comparison of the antimicrobial
activities of inhalation extracts compared to those of the conventional solvent extracts and oils (where applicable) of the same
plants (Table 1).
The inhalation extract of Heteropyxis natalensis exhibited
MIC values ranging between 0.35 and 1.86 mg/ml for all four
pathogens tested. Comparatively, the inhalation extract of Heteropyxis natalensis indicated the most signiﬁcant activity against
Klebsiella pneumoniae when compared to the essentials oil,
methanol and acetone extracts. For Myrothamnus ﬂabellifolius the
inhalation extract had lower MICs (0.27–0.72 mg/ml) compared
to the methanol (1.00–4.00 mg/ml), acetone (0.25–1.50 mg/ml)
and essential oil (2.00–6.00 mg/ml) when tested against all the
pathogens, with the exception of Cryptococcus neoformans for
which the acetone extract displayed slightly better activity. The
inhalation extract of Artemisia afra also displayed lower MIC
values (0.26–0.52 mg/ml) compared to the methanol extracts
(1.00–3.00 mg/ml) and oil (8.00–16.00 mg/ml). The most promising result was obtained for the inhalation extract of Pellaea
calomelanos which was more active (0.53–1.00 mg/ml) than the
methanol (4.00 to 16.00 mg/ml) and acetone extracts (1.50 to
32.00 mg/ml) for all pathogens tested. For Tarchonanthus camphoratus the inhalation extracts had lower MIC values (0.23–0.93 mg/ml)
compared to the methanol extracts (1.00–3.00 mg/ml) and oil
(3.50–6.60 mg/ml).
Most of the inhalation extracts had low MIC values and in many
cases exhibited superior antimicrobial potency when compared to
the solvent extracts and essential oils. The inhalation extract was
more potent than the methanol extracts and essential oils in 85%
of the samples tested. The antimicrobial effect of the inhalation
extract compared to the solvent extracts and oils were dependent
on both plant species and pathogen studied. Efﬁcacy ranged from
minimal antimicrobial activity (Heteropyxis natalensis with Bacillus cereus) to enhanced activity where the antimicrobial effect is
more than 60 times greater (Pellaea calomelanos with Cryptococcus neoformans) in the inhalation extract. A study undertaken by
Nautiyal et al. (2007) also showed the variation in antimicrobial
activity when pathogens were exposed to the medicinal smoke
from a mixture of odoriferous and medicinal herbs. In this study 17
of the 28 pathogens were completely eliminated after 12 h exposure to medicinal smoke. Previous studies on various wood smoke
extracts (Avicennia nitida, Rhizophora racemosa, Mitragyna ciliate,
Alstonia boonei, Terminalia ivorensis and Khaya spp.) have shown
to inhibit microbial growth with Khaya spp. exhibiting the most
pronounced antimicrobial effect (Asita and Campbell, 1990).
The acetone extract however, did indicate higher antimicrobial
activity for selected samples. Superior antimicrobial activity of acetone extracts have been previously shown (Eloff, 1998b) and this
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Fig. 3. HPLC–UV chromatograms of the acetone, methanol and inhalation extracts of Pellaea calomelanos.

present study conﬁrms that acetone may be the preferred solvent
for extraction of bioactive components.
Researchers investigating the biological activity of traditional
medicines are often criticised for not mimicking the traditional
methods of preparation. As a matter of convenience, solvent
extracts are preferred in the laboratory, while aqueous extracts are
obviously the method of preparation in a traditional setting. This
study aimed to more closely simulate the traditional process by
producing the smoke fraction through a combustion process. Jäger
(2003) raised concerns about the traditional way of preparing plant
extracts and it was concluded that the traditional means of preparation may not lead to very active extracts. In this study, however,
the inhalation extracts proved to be more active in several cases
when compared to solvent extracts.
Various factors may also inﬂuence the biological activity of
inhaled substances as a viable therapy. Time of exposure to the
inhaled smoke, the concentration of ‘smoke’ produced, the heat
of combustion and the mode of burning (open ﬁre, electric stove
and gas stove) may all inﬂuence the effect achieved. Some studies
on the inhalation of essential oils concluded that the antimicrobial
action by gaseous contact is most efﬁcient when the pathogen is
exposed at high vapour concentration for a short time (Inouye et
al., 2001). Various temperatures may produce different compounds
with changing activities. For example, in a study by Jäger et al.
(1996), the effect of heating plant material at different temperatures between 160 and 220 ◦ C resulted in extracts with differing
activity in a germination bioassay.
The various extracts show different chromatographic proﬁles,
and for the sake of brevity only HPLC data for Pellaea calomelanos
is shown (Fig. 3), as similar trends were observed for the other
four species investigated (Braithwaite, 2007). Comparison of the
HPLC–UV data (retention times and spectral data) showed few
common compounds in all three of the extracts. The combustion
process clearly produces compounds not present in any of the solvent extracts and the formation of many ‘new’ compounds during
the combustion process is likely. The review paper by Simoneit
(2002) indicates the complexity in composition of smoke derived

from biomass burning and the variation in composition for various
plant taxa. It has also been noted that the degradation of certain
essential oil (volatile) components (e.g. limonene and ␣-pinene)
by oxidation may produce oxygenated products that exhibit better activity than the parent hydrocarbons (Inouye et al., 2001). It is
reasonable to speculate that the superior MIC values obtained for
the inhalation extract of Pellaea calomelanos may be linked to the
presence of unique compounds (and artefacts) in the combustion
sample.
4. Conclusions
Despite the extensive past and present day use of smoke in
healing rites (Mohagheghzadeh et al., 2006), this route of administration remains poorly explored. The promising antimicrobial
activity documented here and the beneﬁts of inhalation therapy
(less invasive, site-speciﬁc, the dose reaches the bronchioles and
the lung area immediately, reduced systemic exposure and thus
less adverse effects, etc.) could explain the beneﬁts of inhalation
therapy in traditional medicine. It is noteworthy that of all extracts
tested in this study, the smoke obtained after combustion exhibited
the best activity against Klebsiella pneumoniae, a virulent pathogen
associated with infections of the respiratory tract. Thus, the use of
smoke to inhibit microbial growth extends not only to the wellestablished preservation of foods (Holley and Patel, 2005) but also
gives scientiﬁc credibility to the therapeutic administration which
has been used for centuries (Mohagheghzadeh et al., 2006). One
must, however, take into account that smoke is known to contain
several toxic compounds (e.g. benzopyrenes) and future studies
should investigate if the antimicrobial activity is ascribed to general
cytotoxicity. In addition, it remains a challenge for future research to
isolate and identify the compounds in the complex smoke fraction.
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