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ABSTRACT

The burning of selected indigenous plants and mimralation of the smoke liberated from
them has been a widely accepted and practised dbadministration in traditional healing
therapy dating back to as far as the Koi and Sad,ista method still widely practised in
South Africa today. Inhalation has various advaesags a method of administration in both
allopathic and traditional practices. Not only ishalation a highly effective mode of
administration because of its direct and local atffen the lungs for the treatment of
respiratory ailments, but also because of its tghiiti deliver drugs effectively systemically.
This study elucidated the rationale behind thiseljidpractised treatment by examining
chromatographic and antimicrobial data. Five platitat are commonly administered
traditionally through inhalation were choseieteropyxis natalensis, Myrothamnus
flabellifolius, Artemisia afra, Pellaea calomelancand Tarchonanthus camphoratugn
apparatus was designed and constructed and thenpymmcess that occurs in the traditional
setting was simulated with the selected plants. ihdeiced volatile fraction (smoke) was
captured for analysis. Control solvent extractsemmade for each plant using conventional
extraction solvents, methanol, acetone, water,thacssential oil of the aromatic plants was
also investigated. Antimicrobial assays revealea tihhe extracts (smoke) obtained after
burning had lower minimum inhibitory concentratigllC) values than the corresponding
solvent extracts in most cases. Kdgbsiella pneumoniaall five inhalation samples were far
more active than the conventional extracts. Wheteteagainst the pathog8n cereusM.
flabellifolius and P. calomelanosnhalation samples proved to exhibit superiorraiaiobial
activity compared to the respective solvent extrdeellaea calomelanomhalation extract
had the lowest MIC values compared to the solvexitaets for all pathogensP(
calomelanosnhalation extract MIC values: 0.53; 1.00; 0.53%3mg/ml forS. aureusB.
cereus K. pneumoniaeand C. neoformansrespectively). Inhalation extracts exhibited
different chemical profiles from the solvent extsaof the same plant. For example,afra
inhalation extract had an abundance of peaks abuamretention times from 3.2 to 5.4
minutes, which were not present in the chromatografithe acetone and methanol extracts
of the same plant. These results, albeit prelinyinauggest that the chemistry and
antimicrobial activity of plants are influenced the combustion process which is often used

in traditional healing rites.
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PREFACE

Medicinal plants have been used for their curagiveperties by traditional healers for
centuries (Hutchings, 1996; van Wegkal, 1997). The literature documents the use of plant
for a range of conditions and, as a consequencstaiescientists have become increasingly
interested in the rationale behind the use of ti@ul remedies. There are many ways in
which medicinal plants may be administered. Onehete is inhalation, which is widely

practiced and is an area that warrants investigatio

Inhalation therapy often involves the burning danp material and the smoke liberated
during the process is either inhaled under covesingdjrected to a specific body part to aid in
the healing process. Inhalation of smoke from mgrplant matter is a unique method of
administration and has been used traditionallyeattrespiratory conditions such as asthma,
bronchitis, influenza, respiratory infections ahd tommon cold (Hutchings, 1996; van Wyk
et al, 1997). Aerosol delivery of drugs is also welagiised in allopathic medicine and has
the advantage of being site specific thus enhantegtherapeutic ratio for respiratory

ailments (Dipiroet al, 2002).

Generally, only the extracts or essential oilghe plant used in healing rituals described
above have been investigated. In order to enstmgeanvestigation into inhalation therapy,
the volatile fractions need to be captured andyaedl so as to determine whether the mode
of administration, i.e. burning, has an impact dw® tpharmacological efficacy. It is
hypothesised that burning liberates certain comgsyperhaps artefacts), which may affect

the activity.

The objective of this study was to mimic the bugnprocess in the laboratory, obtain extracts
after burning, and compare these to extracts rojested to burning. Bioassays facilitated a
comparison of the antimicrobial activities of indkdn extracts compared to those of
conventional solvent extracts. Chromatographicijg®bf extracts before and after burning
were also undertaken. Such comparisons of constgumefore and after the burning process
would provide valuable information on the changeclremical composition and biological

activity occurring during combustion, and wouldegisight into the benefits of inhalation as

a common mode of administration practised in tradél healing rites.
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CHAPTER 1: INTRODUCTION

The delivery of drugs to the respiratory tract basome an increasingly important way of
treatment in medical spheres. Inhalation of dru@s become invaluable therapeutically in
the treatment of a variety of pulmonary disordexduding asthma, bronchitis, pneumonia

and cystic fibrosis (Suarez and Hickey, 2000).

It is common practice in traditional healing torylants and inhale the resultant smoke to
treat respiratory complaints including coughs, splihfections, influenza and asthma
(Hutchings, 1996; van Wylet al, 1997). Even though administration through intiata
dates back to the earliest records of ancient mdtand its techniques may be viewed as
crude and unrefined, the advantages of this formrezsitment have essentially remained the
same. Several studies have shown the clinicalagffiof inhalation therapy for the treatments
of lung disorders (Nevilleet al., 1977; Clarke, 1972). The delivery of active compds
directly to the lungs provides a local treatmerd affectively delivers the drug to the site of
action. In this way, smaller doses are able toeagha maximal therapeutic effect and have
less risk of side-effects than those associatel laitger doses. Secondly, the lower doses
provide considerable cost savings and reduce systerposure to patients (Suarez and
Hickey, 2000). In addition, it has also been ndteat the lungs may provide a perfect organ
system for systemic delivery of drugs to the bo8ydrez and Hickey, 2000). Suarez and
Hickey (2000) have cited studies that show thas tmode of administration provides
substantially greater bioavailability for macronmlées than any other site of entry to the
human body.

Various inhalation delivery devices have been desigand patented in allopathic medicine,
including metered dose inhalers, dry powder inisaleasal sprays and nebulizers. Novel
respiratory drug delivery systems are indeed td@itéhe moment and the intra-nasal route,
for example, has also been successfully exploiethe systemic delivery of many drugs.

Miacalcic Nasal Spray 2001U produced and patentetldvartis is one such ideal delivery

system to administer the hormone Calcitonin tolibey through the respiratory system. This
nasal spray has shown success in the reductioevoivertebral fractures in post-menopausal
osteoporosis patients, which provides further eweeof the value of the respiratory system
in effective drug delivery to the body.

12



Not only could traditional methods shed light orpnoved means of administering inhalation
as an invaluable form of therapy, but could opemwgnues for the development of antibiotic
inhalant devices that could further exploit theasfty of inhalation as a mode of treatment in

the medical field.

Previous studies have investigated the antimictamifivity of essential oil vapour obtained
from aromatic plants (Inouyet al.,2001). This study will for the first time investite the
antimicrobial activity and comparative chemistries the smoke-derived fractions from

ethnomedicinally selected plants.

Using two sources (Hutchings, 1996; van Wek al, 1997) a comprehensive literature
review of South African medicinal plants revealetl (@ants that are burnt and the smoke
inhaled (Table 1.1). This investigation focused fove such plants, namelyeteropyxis
natalensis, Myrothamnus flabellifolius, Artemisidraa Tarchonanthus camphoratusnd

Pellaea calomelanofold text in Table 1.1).

Table 1.1: Medicinal plants traditionally adminigd by inhalation (Hutchings, 1996; van
Wyk et al, 1997)

Species / Family Plant Treatment
part used
1 Acalyphasp. Twigs Headaches.
(Euphorbiaceae)
2 Alepidea amatymbica Rhizomes and roots Colds, asthma, chest ailmerfisenza,
(Apiaceae) abdominal complaints. Smoke inhaled to

induce mild sedation.

3 Anemone caffra Roots Smoke from smouldering roots inhaled tg
(Ranunculaceae) treat colds and headaches.

4 Ansellia africana Roots Smoke from burning roots inhaled by the
(Orchidaceae) Zulu as an antidote to bad dreams.

5 Artemisia afra Leaves and sometimes Colds, influenza, headache, earache,
(Asteracaea) roots malaria.

6 Becium grandiflorum Leaves Smoke inhaled to treat chest pains.

(Lamiaceae)

7 Bridelia cathartica Roots Headaches, menorrhagia, sterility in men.
( Euphorbiaceae) Inhaled to treat epilepsy.

8 Clausena anisata Wood and leaves New-born babies held in the smoke t
(Rutaceae) strengthen and clear the lungs and

strengthen the heart.

13



Species / Family Plant Treatment
part used
9 Clematis brachiata Leaves In Botswana, smoke inhaled for blood
(Ranunculaceae) problems associated with itchy sores.
10 | Croton gratissimus Roots, leaves Coughs, abdominal pains, and used as
(Euphorbiaceae) protective charms.
11 | Dombeya rotundifolia Bark and sometimes | Chest complaints, nausea in pregnant
(Sterculiaceae) the roots and wood women. Powdered root burnt and smoke
inhaled.
12 | Euphorbia ingens The latex Asthma, bronchitis.
(Euphorbiaceae)
13 | Gnidia anthylloides Plants Burning plants inhaled to treat fevers and
(Thymelaeaceae) bad dreams.
14 | Helichrysum nudifolium Leaves Headaches.
(Asteraceae)
15 | Helichrysum odoratissimum The whole plants Inhaled as protective cleansatd@ireat
(Asteraceae) coughs and colds.
16 | Helichrysunmspecies Leaves, twigs, Coughs, colds, fever, infections, headachg,
(Asteraceae) sometimes the roots | menstrual pain. Smoke from burning leaves
inhaled for pain relief.
17 | Heteromorpha arborescens Roots and sometimes | Headaches, abdominal pains, colic, fever
(Apiaceae) stem, bark and leaves | dyspnoea, asthma, coughs, illness and
mental disorders. Inhaled smoke from
burning plant to treat headaches.
18 | Heteropyxis natalensis Leaves, sometimes the Treatment of colds.
(Myrtaceae) roots
19 | Knowltonia anemonoides | Leaves Smoke inhaled to treat headaches.
(Ranunculaceae)
20 | Knowltonia vesicatoria Fresh leaves, Headaches, rheumatism, colds, influenzal
(Ranunculaceae) sometimes the roots | Smoke from burning leaves inhaled for
relief of headaches.
21 | Lippia javanica Leaf infusions are Coughs, colds.
(Verbenaceae) inhaled
22 | Myrothamnus flabellifolius | Leaves, twigs, rarely | Chest pains and asthma, respiratory
(Myrothamnaceae) the roots ailments. Smoke from burning leaves
inhaled.
23 | Ocotea bullata Stem bark Ground bark inhaled to treat headaches
(Lauraceae) Also used for gastro-intestinal complaints
and as an emetic for nervous and emotional
disorders.
24 | Oxygonum dregeanum Fruit Smoke from burning fruit inhaled to stop

14
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Species / Family Plant Treatment
part used
(Polygonaceae) nosebleeds.

25 | Pellaea calomelanos Leaves and rhizomes Chest and head colds, astHimex. frn
(Adiantaceae) species also inhaled.

26 | Protasparagus laricinus The whole plant Gynaecological problems. Smoke from
(Asparagaceae) burning plants used by the Tswana and

Kwena for ‘diseases of women'.

27 | Ranunculus multifidus The whole plants Sotho inhale smoke from burniragts to
(Ranunculaceae) treat headaches.

28 | Salvadora australis Leaves Inhaled smoke is used to stop nosebleed
(Salvadoraceae)

29 | Schotia brachypetala Leaves Nosebleeds.

(Caesalpinaceae)

30 | Solanum aculeatissimum | Fruit Smoke from burning fruit used to treat
(Solanaceae) toothache.

31 | Suterasp. The whole plants Smoke inhaled to treat mentakptdi
(Scrophulariaceae)

32 | Tarchonanthus Leaves and twigs Inhaled smoke from burning crusbades
camphoratus and branches used for treating asthma,
(Asteraceae) headache and rheumatism.

33 | Veronia natalensis The whole plants Smoke inhaled to treat headaches.
(Asteraceae)

34 | Ximenia caffra Roots Smoke from powdered burning roots
(Olacaceae) inhaled by the Vhavenda to cease bleedir

from the nose and mouth.

'g

1.1 Heteropyxis natalenss (Myrtaceae)

Common names: Lavender tree (English), Laventelbfdikaans), Inkunzi (Zulu)

1.1.1. Botanical description: Described as a sine# of not more than 10 metres in height

(Palmer and Pitman, 1972; Coates Palgrave, 197i@3ist;ng of a branched trunk, dense

leafy branches and highly aromatic foliage. Thekldars a distinctly mottled appearance and

the leaves are simple, oblong and shiny green atria(van Wyket al, 1997). The small

yellow flowers are inconspicuous and are followedtiny dry capsules (van Wykt al.,

1997). The blossoms and ground leaves have a stodogr of lavender and thud.

natalensiss named the “lavender tree” (Palmer and Pitm8i2)L
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Figure 1.1: Leaves and buds of Figure 1.2: Geographical distribution of
H. natalensis. Htadansisin South Africa.

1.1.2. Distribution: Common in the north-eastermtpaf South Africa (van Wylet al,
1997).

1.1.3. Medicinal uses and preparations: Infusidrth® leaves are mainly used to treat colds,
but root decoctions have also been used to treabmtegia (Hutchings, 1996; van Wk
al., 1997). Powdered leaves form part of a tradificederinary medicine, and a medicinal

tea may be made from the leaves (Watt and Breyendrijk, 1962).

1.1.4. Previous work: The essential oil of the planhighly aromatic and previous studies
have shown antimicrobial activity against bactemal fungi (Gundidzat al, 1993). The
essential oil contains a wide range of monotergenomainly, 1,8-cineole, limonene,
linalool, myrcene, anfl-ocimene (Gundidzat al, 1993; Weyerstaldt al., 1992). According
to van Wyket al. (1997) the chemical basis for the reported haeamtiostffect is not known.

1.2 Myrothamnus flabellifolius (Myrothamnaceae)
Common names: Resurrection plant (English), BergbegAfrikaans), Uvukwabafile (Zulu)

1.2.1. Botanical description: A small woody shrubnot more than 0, 4 meters tall, with
tough, rigid branches (Weimarck, 1936). The leaarestoothed along their upper edges and
are fan-shaped (van Wy al, 1997). The flowers are inconspicuous and arg batne in

summer. A remarkable feature of the plant is itditgtio transform its seemingly dead and
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brown leaves to bright green when placed in wabhmmce its vernacular name: The

resurrection bush/plant.

Figure 1.3:M. flabellifoliusin habitat. Figul.4: Geographical distribution of
M. flabellifoliusy South Africa.

1.2.2. Distribution: Found in the northern partsSmiuth Africa, in exposed rocky places and

dry mountain slopes (Weimarck, 1936).

1.2.3. Medicinal uses and preparation: Numerouditiomal uses have been reported by
utilising the leaves and twigs of the plant (Hutgs, 1996; van Wyket al, 1997).
Myrothamnus flabellifoliuss usually taken orally as an infusion or a deicogtor the leaves
are burnt and smoke inhaled (Hutchings, 1996). Ob&iss and asthma have been treated by
inhaling smoke from burning leaves (Hutchings, 19@6itt and Breyer-Brandwijk, 1962).
Infusions are taken orally to treat colds and maspry ailments (van Wylet al, 1997).
Decoctions are used to treat various ailmentsudioy menstrual pain, backache, kidney
problems, and even haemorrhoids. Topical usesdedhe treatment of abrasions and using
the dry and powdered leaves for dressing woundsbamds (van Wyket al, 1997; von
Koenen, 1996).

1.2.4. Previous work: According to van Wgk al. (1997), camphor is the major constituent
of the oil. There may also be small amountsugfinene and 1,8-cineole (van Wk al
1997). Camphor and other monoterpenoids are knowmate decongestant and antiseptic
effects (Bruneton, 1995), and van Wegk al. (1997) report that the pain-relieving activity
must be related to these constituents. Later Sugje/iljoenet al. (2002) have identified the
major compounds in the essential oil to be pinamaeytranspinocarveol, limoneneyans-
p-menth-1-(7)-8-diene-2-ol, andis-p-menth-1-(7)-8-diene-2-ol. The essential oil extati
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antibacterial and antifungal activity against ng of eleven pathogens tested in a previous
study by Viljoenet al. (2002).

1.3 Artemisia afra (Asteracaea)
Common names: African Wormwood (English), Wilde@drikaans), Umhlonyane (Zulu,

Xhosa), Lengana (Sotho, Tswana)

1.3.1. Botanical description: An aromatic, erectiltrstemmed, perennial shrub of not more
than two metres in height. The small flowers ardoyeand situated along the branch ends.
The leaves are greyish-green in colour, finelydid, and feathery in texture (van Wegk
al., 1997).

N\ :
SR/ 7

Figure 1.5: Leaves @&. afra. Figure 1.6: Gequral distribution ofA.

afran South Africa.
1.3.2. Distribution: A very common species in Soudtliica and is naturally distributed

northwards towards tropical east Africa as far esdpia (van Wyket al, 1997).

1.3.3. Medicinal uses and preparaticArtemisia afrais one of the most widely used
traditional medicines in South Africa (van Wy al, 1997). Various illnesses are treated
with this plant - mainly, colds, coughs and inflaan(Rood, 1994Watt and Breyer-
Brandwijk, 1962; Dykman, 1891Qther symptoms and conditions reported to be tdeatth
Artemisia afraare colic, fever, headache, earache, loss of ippietestinal helminthes, and
malaria (Hutchings and van Staden, 1994; Watt aeyd3-Brandwijk, 1962). The leaves and
sometimes the roots are used to make an infusiardecoction that is sweetened to mask the
bitter taste (Rood, 1994). It is also not uncomrfaimthe leaves to be boiled and the fumes
inhaled for therapeutic purposes (Bhat and Jach®85). The aerial parts of the plant are
concentrated in essential oils and are often useshanhalant (Bhat and Jacobs, 1995).
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1.3.4. Previous work: Preliminary tests revealedlgesic, narcotic and antihistaminic
activities of this plant (Hutchings, 1989\ork by Gravenet al., (1992) confirmed the
antimicrobial and anti-oxidative properties of thelatile oil of Artemisia afra.Bruneton
(1995) confirmed the decongestant and antibactefiatts of the oils oArtemisia afra The

oil contains 1,8-cineole-thujone, a-thujone, borneol, and camphor (Grawenal., 1992).
Other constituents include terpenoids of the eudessn and germacrene types and
coumarins and acetylenes, all of which have no knoeantribution to the biological activity
of the plant. Antimicrobial activity oA. afra was reported in previous studies by Gragén
al. (1992), and this was later validated by time-kiiidies of the essential oil using the
respiratory pathogenSryptococcus neoformarendKlebsiella pneumoniaéViljoen et al.,
2006).

1.4 Tarchonanthus camphoratus (Asteraceae)
Common names: Wild camphor bush (English), Vaa({diskaans), iggeba-elimhlophe,
siduli-sehlathi (Zulu), Mathola (Xhosa), Mohata \i#@&a)

1.4.1. Botanical description: A small tree or shafbup to six meters tall with a greyish
appearance (van Wy al, 1997).The oblong leaves have a dark green and net-veipper
surface, and pale grey and velvety lower surfatés. plant is adorned with small whitish

flower heads and tiny woolly fruits (Palmer andnfin, 1972).

Figure 1.7: Leaves af. camphoratus Figure 1.8: Geographical distribution of
T. camphoratugn South Africa.
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1.4.2. Distribution: Found in a wide variety of litaks in almost any part of South Africa
(Coates Palgrave, 1977).

1.4.3. Medicinal uses and preparation: Fresh eddplant leaves and branches are crushed
and burnt and smoke is inhaled for asthma, rhesmatand headaches. (Watt and Breyer-
Brandwijk, 1962; Hutchings and van Staden, 199¥gcording to Watt and Breyer-
Brandwijk (1962), the Koi and San smoke the dryésain the way tobacco is smoked and
experience a type of narcotic effect. Van Walal. (1997) reported the use of a hot poultice
for treating bronchitis and inflammation, in adalitito headaches and asthma. Leaves and
twigs have also been used to prepare infusionstiantiires that are either taken orally or
chewed to produce an effect. Infusions and tinstare used traditionally to treat abdominal
complaints, headaches, toothache, asthma, broani inflammation (van Wylkt al,
1997; Hutchings and van Staden, 1994).

1.4.4. Previous work: The volatile oil has a cleteastic camphor-like aroma and is the part
of the plant said to be responsible for the regbemralgesic, decongestant, diaphoretic and
analgesic effects (Bruneton, 1995 he plant actually contains only small amounts of
camphor, with flavonoids and other constituentshef volatile oil being far more abundant
(van Wyk et al, 1997).Major active ingredients include-fenchyl alcohol, 1,8-cineoley-
terpineol, and pinocembrin (van Wgk al, 1997).

1.5 Pellaea calomelanos (Adiantaceae)

Common names: Hard fern (English), Inkomankomou)uehorometso (Sotho)

1.5.1. Botanical description: Described in van Wylal (1997) as a common and distinctive

fern with an underground rootstock covered in snbatiwn scales and about 6 mm in

diameter. The tiny leaflets are blue-green in coland triangular in shape, and join together
to form large firm-textured leaves (Schelpe andhanty, 1986; Jacobson, 1983). The leaves
bear a distinct line of brown spore-producing bedigori) along their edges (Schelpe and
Anthony, 1986).
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Figure 1.9P. calomelano@ habitat Figure 1.10: Geographical disttibn of
P. calomelanos.

1.5.2. Distribution: Is distributed widely acrossughern Africa, can withstand seasonal
droughts and is therefore found even in extremely places (van Wyket al, 1997;
Jacobson, 1983).

1.5.3. Medicinal uses and preparations: The leavedurnt and the smoke is inhaled to treat
chest colds, head colds, and asthma (Watt and BBrgmdwijk, 1962; van Wyket al,
1997; Hutchings and van Staden, 1994). An earlyeQamedy was a tea made from this
species that was used to treat chest complaintea@idd (van Wylket al, 1997). Decoctions
have also been prepared from the rhizomes andeapgiternally to heal boils and abscesses

and are taken internally to remedy intestinal pggagvan Wyket al, 1997).

1.5.4. Previous work: Very little has been reported the chemistry oPellaea species
(Dictionary of Natural Products on CD-ROM, releds2, Chapman & Hall, London, 1996).
Many ferns do, however, contain triterpenoids & tiopane type such as adiantone, as well
as a number of flavonoids. No relationship has beend between the chemistry of any fern
leaves, including those @fellaea calomelangsand their therapeutic uses, but van Véylal
(1997) postulate that triterpenoid saponins plagla. It is worth noting that a few saponin-
containing medications have known potential as-iafflammatory and analgesic agents
(Bruneton, 1995).
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Study objectives:

e To simulate the burning process employed traditlgriuring inhalation therapy with
selected plant species and to capture the vol@gi®ke) fraction for analysis and
biological testing;

e To determine and compare the antimicrobial actiafythe inhalation extracts and
conventionally prepared solvent extracts;

e To compare the chromatographic profiles of the esaiextracts to the smoke fraction;
and

e To provide insight into inhalation therapy and emgbke the benefits of inhalation as

a common mode of administration in traditional iregl
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CHAPTER 2: MATERIALS AND METHODS

2.1. Preparation of samples for combustion experinm

Fresh plant material was collected from local séed allowed to air dry. The selected plant
parts, i.e. roots, stems, leaves, rhizomes andsiwigre prepared by cutting, grinding, and
crushing the plant material. A standard dry weigh20g of plant material was used in each

of the combustion experiments.

Table 2.1: The origin and voucher details for amsed in this study.

Species/ Family Locality Voucher Plant part used
Heteropyxis natalensis Johannesburg SVV 954 Leaves
(Myrtaceae) Botanical Gardens
Artemisia afra Klipriviersberg SVV 935 Leaves
(Asteracaea)

Myrothamnus flabellifolius Klipriviersberg SVV 934 Leaves and twigs
(Myrothamnaceae)

Pellaea calomelanos Walter Sisulu AV 1280 Aerial parts
(Adiantaceae) Botanical Garden

Tarchonanthus camphoratus | Walter Sisulu SVV 961 Leaves
(Asteraceae) Botanical Garden

The combustion apparatus depicted below (Figur¢ @hsisted of a modified pressure-
cooker with an entry pipe and an exit pipe, a hegplate (maintained at 150°C), a condenser
surrounding the exit pipe, a water bath, a rounttielneed flask, and a cryostat. Plant material
(20g) was carefully placed in a foil dish and inedrinto the pot and allowed to burn to
produce smoke. A pump attached to the entry pipantaiaed a positive pressure which
directed the smoke through the tubing exit pipe il a round-bottomed flask containing
solvent. A mixture of a polar and a non-polar snotweas used in order to capture polar and
non-polar compounds from the smoke fraction. THeestt was a 1:1 mixture of hexane and
methanol (250ml).
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Figure 2.1: The combustion apparatus used in thidsyso mimic the inhalation process used

in a traditional setting.

The plant material was burnt for a standard tim8Gfminutes to simulate the average time a
patient would be exposed to the therapy by a imawit healer. The smoke bubbled into the
hexane-methanol mixture in the bottom of the fla&ke round-bottomed flask was placed in
a water bath containing water and polyethylenedllyanti-freeze). The water-polyethylene-
glycol mixture was pumped through the water bathitich the round-bottomed flask was
placed and also through the jacket of the conderBee water bath-condenser-cryostat
circuit cooled down the round-bottomed flask anchimised evaporation of the smoke

fraction. The cryostat effectively maintained thater bath temperature at -8 °C.
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Figure 2.2: Smoke captured in hexane-methanol.gurgi2.3: Concentrating the smoke

fraction.

After 30 minutes the hexane-methanol smoke fraatias concentrated using a rotavap. The
inhalation samples/extracts were then removed filmenrotavap and left to dry in a fume

hood in order to produce dry extracts for analgsid microbiological testing.

2.2. Preparation of solvent (methanol and aceton@nd aqueous extracts

Dried plant material (2.0g) was finely cut, grouaahd extracted with 50ml of each solvent
(water, methanol, and acetone). The plant extmaet® macerated, extracted overnight, then
filtered and allowed to dry in a fume hood and o¢an40°C). Water extracts were freeze
dried to accelerate the drying process. The resigwgre reconstituted with their respective
solvents by adding 1ml of solvent. Essential oihpées of all of the selected plants with the
exception oPellaea calomelano@vhich is not aromatic) were made available frorevpus
studies.

2.3. Antimicrobial assays / minimum inhibitory con@ntration (MIC)

The minimum inhibitory concentration (MIC) is thewest concentration that prevents
visible growth of an organism after incubation ispecified growth medium and was used to
quantitatively measure th& vitro antimicrobial activity of test extracts before aafier
burning (Dipiroet al, 2002; van Vuuren, 2003). In this study, the Mi&s determined by
using thep-iodonitrotetrazolium violet (INT) microplate biossy technique (Eloff, 1998a).
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Antimicrobial assays were performed on the 24 samphith the plant samples being tested
against four micro-organisms. The prepared plamtaets were tested for activity against
Staphylococcus aureugATCC 25923), Bacillus cereus (ATCC 11778), Klebsiella
pneumoniae(ATCC 9633), andCryptococcus neoformanfATCC 90112). MICs were
performed at least in duplicate and in some ingantiplicate where MIC values were not

congruent between repetitions.

The MIC microtitre plate method was employed, comitg a standard inoculum of bacteria
(1-5 x 10 colony forming units), liquid growth media and diing serial dilutions of the
antimicrobial substance of interest (inhalation raols and laboratory extracts). The
microtitre plates were then prepared asepticallyplaging 10Qu sterile water in all wells.
100ul of each sample/extract to be tested was placeRaw A, so that wells A1-AH
contained 100l of each sample. Serial dilutions were then cdrgat from wells A through
to H. For example, 1Q0 of contents from well A1 was withdrawn (after itentents had
been thoroughly mixed) and transferred to well Bhis procedure was then repeated from
well C1 onwards to well H1, diluting by 1(Deach time. The 1Q0 withdrawn from well
H1 was discarded. Then 1@0of the specific cultured respiratory pathogen \wdded to all
the wells. The plates were then incubated for 2drfi¢bacterial pathogens) and for 48 hours

(Cryptococcus neoformajat a temperature of 3.

After incubation of the plates, gD of 0.02 mg/mlp-iodonitrotetrazolium violet (INT)
solution was prepared and added to each well. laere then viewed after six hours and
yeast plates were viewed after 24 hours. INT waslus indicate biological activity and
showed a colour change in relation to the concBatreof microbial growth. The first
colourless well in a row of decreasing concentraiof a given extract is the MIC of that

specific sample (Eloff, 1998a).

Positive and negative controls were included inaksay. The positive controls consisted of
wells containing commercially used antibiotics, heit ciprofloxacin (for bacteria) or
amphotericin B (for the yea&l. neoformanys The positive controls gave an indication of the
sensitivity of the micro-organisms tested. Negatbemtrols consisted of broths that were
incubated under the same conditions as the platésas sterility of the nutrient media was
ensured. Blank controls (using solvent) were atsduded to ascertain whether the diluents

had any inherent activity. Blank controls were iearout for methanol, acetone and water.
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Figure 2.4: Aseptic preparation of MIC

plates to record the antimicrobial activity of #racts.

32 mg/ml — /.
»- - >

uoljenuadsuo)d

__\9

4’ J S8
OQ&QK,% \Q
0_0625mg/m ‘..........

Samples

Figure 2.5: Example of a MIC plate showing the welfter INT was added (the red to pink
colour indicates microbial growth and the colowslegells indicate no microbial growth due

to antimicrobial activity of the samples).

2.4. Thin layer chromatography (TLC)

The chromatographic profiles of the extracts wendially examined by thin layer
chromatography. The five samples obtained fromdmsmbustion experiment were spotted

next to their respective methanol extracts (Figuig.

27



The samples were dissolved in 1ml methanol to yaetdncentration of 100 mg/ml of which
5ul was applied to a silica gel (Merck) TLC platng a calibrated micro-capillary tube. The
plates were developed in two mobile phases: 1.etdethyl acetate (93:7), and 2.
toluene:dioxane:acetic acid (90:25:10) for 10-2Gwtes. The plates were visualised under
UV light (365 and 254nm). The plates were sprayeth wanillin-sulphuric acid (1%
ethanolic vanillin, 10% ethanolic sulphuric acidray reagent, and placed in an oven at

110°C for five minutes.

2.5. High performance liquid chromatography (HPLC)

The application of HPLC in pharmacognosy is welabBshed and can be used for the
separation and identification of alkaloids, glyces, saponins, flavanoids and secondary
metabolites (Skoog and Leary, 1992). HPLC is alddely used for the separation of
complex organic and inorganic molecules such awbiatits, steroids, analgesics, diuretics

and anti-inflammatory compounds (Skoog and Lea®921 Hannah, 2001).

The methanol and acetone extracts and the samipieimed from the combustion experiment
were analysed by HPLC-UV-MS (because of insuffitiemmples the water extract was not
analysed by HPLC). Extracts were weighed and temresfi to eppendorffs to which

calculated concentrations of methanol or acetore adaled to yield a final concentration of

50 mg/ml.

A Waters 2690 HPLC system (equipped with a Phenoméqua C18 column, 250mm x
2.1mm column) equipped with a 996 photodiode adetector (PDA) and a thermabeam
mass selective detector (TMD) was used to analysesamples. The thermabeam generates
classical electron impact spectra, which can bepavad to commercial MS spectra libraries
like NIST and WILEY. The injection of 10 was done under the following conditions: flow
rate was 0.2ml/min, gas flow in the nebulizer wa%/8, the nebulizer temperature was 80°C,
the expansion region was 90°C, and the sourcengi¢eature was 225°C. The mobile phase
started off with 10% acetonitrile, 90% water coniag 100mM formic acid. The solvent
ratio was changed through a linear gradient to @6@tonitrile, 10% water and formic acid at
40 minutes. The ratio was maintained for 10 minugesl then the solvent ratio was changed

back to the initial starting conditions. The dat@svanalysed using Empower software.
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CHAPTER 3: RESULTS AND DISCUSSION

3.1. Chemical comparison of extracts

3.1.1. Thin layer chromatography (TLC)

TLC was used to compare the chromatographic psodifehe various extracts. Figure 3.1 (A
and B) shows the TLC profiles of all five inhatati extracts together with the respective
methanol extracts developed in two different mopl@ses. It was observed that the profiles
of the inhalation sample compared to the methandiaet of the same plant were
distinctively different. Track 1.2 represents thethanol extract offl. natalensisand shows a
spot at Rf 0.2 which is absent in the sample preduxry the combustion experiment (track
1.1). Similarly, plate B shows distinct differencbstween the two samples &fkllaea

calomelanogtrack 4.1 and 4.2)
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Figure 3.1: Thin layer chromatography performedtlo® inhalation and methanol extracts
developed in two mobile phases: A = toluene:etlogtate (93:7), B = toluene:dioxane:acetic
acid (90:25:10)

Tracks = 1.1.H. natalensis(inhalation), 1.2.H. natalensis(MeOH), 2.1 M. flabellifolius
(inhalation), 2.2M. flabellifolius (MeOH), 3.1A. afra (inhalation), 3.2A. afra (MeOH), 4.1

P. calomelanoginhalation), 4.2P. calomelanogMeOH), 5.1T. camphoratuginhalation),

5.2T. camphoratugMeOH).
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3.1.2. High performance liquid chromatography (HPLQ

Figures 3.2-3.27 represent the HPLC chromatogrdrtieeanethanol, acetone, and inhalation
extracts. The first set of HPLC analyses (HPLC-W¥jected constituents in the extracts that
have chromophores (absorb light within the UV-speun), and the second set of HPLC
analyses (HPLC-MS) was coupled to mass spectrosaodydetected constituents in the

extracts that may not have chromophores (do natrbbdight in the UV-spectrum).

3.1.2.1 Heteropyxis natalensis

0.607

040

AU

0.20

0.001 — o

0.06-

AU

0.04
0.02

0.00]
6.00-

4004

AL

200

0.007 TT T T [ T T T T [ T T T T [ T T T T [T T T T [T T T T[T T T T [T T T T [T T T T [T T T T [T T T T [T T 171
0.00 5.00 10.00 15.00 20.00 2500 30.00 35.00 40.00 45,00 50.00 55.00 £0.00
Minutes

H. natalensisAcetone
H. natalensisMethanol
H. natalensidnhalation
Figure 3.2: HPLC-UV chromatograms of the acetanethanol and inhalation extracts of

Heteropyxis natalensis

The three HPLC-UV profiles for this plant were fmuto be quite similar, with the same
compounds observed at retention times 3.53 mind2s87 minutes, 34.92 minutes, and
36.33 minutes. The same compound is also obsenvdeimethanol and acetone profiles at
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retention time 12.96 minutes. In contrast, it i®fasting to observe how few compounds are
detected for the inhalation sample as opposedetontsthanol and acetone samples over the
retention times 13-22 minutes (Table 3.1). It isp@ssibility that the burning process

destroyed certain constituents.
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Figure 3.3: HPLC-MS chromatogram ldf natalensisacetone extract.
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Figure 3.4: HPLC-MS chromatogram ldf natalensignethanol extract.
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Figure 3.5: HPLC-MS chromatogram ldf natalensignhalation extract.

The H. natalensisinhalation extract above (Figure 3.5) showed amdtaally different
HPLC-MS chromatogram from the acetone and methelm@matograms of the same plant
(Figure 3.3 and Figure 3.4 respectively). Thera characteristic peak at retention time 14.82
minutes and at 45.15 minutes for the inhalationgamt was also interesting to note that

there were obvious similarities between the acetand the methanol profiles above
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(common compounds occur at retention times 3.934,4.32, 31.91, and 35.02 minutes),
showing that the two solvents may extract with Eimefficiency. The inhalation sample
contained certain compounds also found in the catitweal solvent extracts (compound at

retention time 34.69 minutes is common to all th#& C-MS profiles above).

3.1.2.2 Myrothamnusflabellifolius
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Figure 3.6: HPLC-UV chromatograms of the acetanethanol and inhalation extracts of
Myrothamnus flabellifolius
The acetone and methanol extracts have similar HB\/(Qrofiles, but the inhalation
extract differs. The same large peak is seen imtbthanol and acetone profiles at
retention time 14.40 minutes and another composiradso common at retention time
21.44 minutes (Table 3.1). The grouping of charéstte ‘polar’ peaks early on in the
inhalation sample chromatogram and again the laCksutostantial peaks from
retention time 13 minutes onwards was worth notiffge same two compounds are
seen in all three profiles at retention times 4@iiutes and 5.59 minutes (confirmed

by UV data). However, the inhalation sample haskpest 3.06 minutes and 9.72
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minutes that are not present in the methanol aetbae extracts of the same plant
(Table 3.1).
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Figure 3.7: HPLC-MS chromatogram M flabellifolius acetone extract.
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Figure3.8: HPLC-MS chromatogram M flabellifoliusmethanol extract.
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Figure 3.9: HPLC-MS chromatogram M flabellifoliusinhalation extract.

The comparison ofM. flabellifolius HPLC-MS chromatograms above again revealed
comparable chromatograms between the conventioe#thanol and acetone extracts. The
chromatogram of the inhalation extract is distwvely different from the chromatograms of
the acetone and methanol extracts. Evident is thaance of late eluting peaks in the
inhalation chromatogram, which is absent in theepttwo analysed samples between
retention times 46.05-52.43 minutes. In summarye t. flabellifolius inhalation
chromatogram showed characteristic UV absorbanakspearly on in the UV profile (Figure

3.6) and characteristic compounds eluting latdéenHPLC-MS profile (Figure 3.9).
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3.1.2.3 Artemisia afra

0.4

0.30-
2 0.207
0.007

1.507

1.0

AU

0.501

0.00

0.607

0.407

AU

0.20H

1

L e L e e e e e e e e

500 10.00 15.00 20.00 2500 30.00 3500 4000 45.00 50.00 50D £0.00
Minutes

0.0

A. afraAcetone
A. afraMethanol
A. afralnhalation
Figure 3.10: HPLC-UV chromatograms of the acetonethanol and inhalation extracts of

Artemisia afra

Evident above is the presence of the same peak ihrae extracts oA. afra at retention
time 13.41 minutes (Table 3.1). Another compoundccasnmon to all three profiles at
retention time 32.86 minutes (Table 3.1). It ial®portant to point out certain similarities
in the profiles of the methanol and acetone prefilith the same peaks observed at retention
times 21.13 minutes, 23.39 minutes, 28.18 minutes 28.87 minutes (Table 3.1). There is
also a marked dissimilarity between the acetone #m methanol extracts, with an
abundance of peaks occurring late on in the acepooéle between retention times 25

minutes to 35 minutes (Table 3.1).
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The HPLC-UV chromatogram of the inhalation sampleove, shows a few major peaks
early on in the profile (at 3-6 minutes) that ax# present in the acetone and methanol
extracts (Table 3.1). Worth noting is the majorkpethe inhalation sample at retention time
5.46 minutes with an integration area of 34.18%sTdompound is absent in the methanol

and acetone samples (Table 3.1).
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Figure 3.11: HPLC-MS chromatogramAf afraacetone extract.
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Figure 3.12: HPLC-MS chromatogramAf aframethanol extract.
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Figure 3.13: HPLC-MS chromatogramAf afrainhalation extract.

In the A. afraHPLC-MS chromatograms the compounds present in the acatuhenethanol

samples are not as prominent in the inhalatioraektperhaps because of destruction during
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combustion. There were distinct commonalities betwie acetone and methanol extracts of
A. afra. There were also a number of distinctive pealesdatin the inhalation chromatogram
that was unique to th&. afra inhalation sample at retention times 35.98 to B2aninutes
(Figure 3.13). The late peaks seen in Figure 3ri@ the distinctive early peaks seen in
Figure 3.10 for the inhalation extract may elude the differences observed in the

microbiological results.

3.1.2.4 Pellaea calomdanos
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Figure 3.14: HPLC-UV chromatograms of the acetonethanol and inhalation extracts of

Pellaea calomelanos
It is clear that the three profiles are very diéfiet: A major peak is evident in the inhalation
extract at 9.62 minutes that is not seen in thehareil and acetone extracts (Table 3.1). This

is a major peak with an integration area of 31.8%%s chemical difference occurs alongside
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marked antimicrobial superiority of thie calomelanosnhalation extract when tested against
S. aureusandB. cereugTable 3.2). It should also be mentioned at thigfthat it was thé.
calomelanosinhalation extract that demonstrated greater aatohial activity than all
solvent extracts and against all pathogens testadlé 3.2). Another unique peak in the
inhalation chromatogram occurs at retention tim@84ninutes. Noticeable too is the cluster
of late eluting peaks in the acetone extract (tetartimes: 39-51 minutes) which are absent

in both the inhalation and the methanol profiles.
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Figure 3.15: HPLC-MS chromatogram®f calomelanoscetone extract.
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Figure 3.16: HPLC-MS chromatogramf®f calomelanosnethanol extract.
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Figure 3.17: HPLC-MS chromatogramf®f calomelanoshalation extract.
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The chromatograms of the acetone and inhalatiora&st ofPellaea calomelanoare alike

and seem to contain similar constituents.

3.1.2.5.Tarchonanthus camphoratus
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Figure 3.18: HPLC-UV chromatograms of the acetonethanol and inhalation extracts of

Tarchonanthus camphoratus

The HPLC-UV chromatogram of the inhalation extréctdifferent from the acetone and

methanol profiles. A number of significant peak® avident at the beginning of the

inhalation chromatogram that are not present inother profiles. The characteristic peak at
5.59 minutes for the inhalation sample has an matexpn area of 39.97%. The same
compounds are evident in the methanol and acetngces at retention times 21.04 minutes
and 30.41 minutes (Table 3.1). The same compourdsezn in all three profiles at retention
times 31.16 minutes and 35.83 minutes (Table 3.1).
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Figure 3.19: HPLC-MS chromatogram Bf camphoratuscetone extract.
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Figure 3.20: HPLC-MS chromatogram DBf camphoratusnethanol extract.
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Figure 3.21: HPLC-MS chromatogram bf camphoratushalation extract.

TheT. camphoratu$iPLC-MS chromatograms significantly supported tgpdthesis of this
study. The HPLC-MS chromatogram of the inhalatiginaets shows several constituents not
seen in the methanol and acetone extracts of the gpéant. Thel. camphoratusnhalation
extract had unique compounds at retention time034646.05, 47.24, 47.31, 48.91, 48.96,
and 52.43 minutes that did not occur in the methand acetone extracts of the same plant
(Figures 3.19 and 3.20).
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Table 3.1:Summary of HPLC-UV data: Showing the integratior) (& the most prominent peaks in the chromatogrddesived from Figures 3.2 — 3.21).

Retention H. natalensis M. flabellifolius A. afra P. calomelanos T. camphoratus

Time (mins) Inhalation Methanol Acetong  Inhalatign Methanol Acetone| Inhalatiorf  Methangl  Acetone Intiata Methanol Acetone| Inhalatio Methanol Acetorje

2.98 7.54%

3.06 2.48%

3.07 5.22%

3.27 24.15%

3.53 11.67% 6.85% 4.65%

3.67 11.68% 3.51%

3.69 10.43%

3.70 8.02%

3.73 0.78%

3.76 2.13%

3.79 3.21%

3.84 2.79%

3.92 4.50%

3.99 7.09%

4.02 6.37%

4.07 2.06% 2.66% 10.34% 5.61%

4.08 15.04%

4.09 10.63%

4.10 1.29% 5.71% 6.09% 2.70%

4.13 4.38%

4.16 4.74%

4.18 8.27%

4.59 0.44%

4.63 141%

4.65 1.89%

4.67 1.13% 2.85% 6.09% 2.79%

4.87 7.02%

4.88 2.68%

4.92 2.62%
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Table 3.1:Summary of HPLC-UV data: Showing the integratior) (& the most prominent peaks in the chromatogrddesived from Figures 3.2 — 3.21).

Retention

H. natalensis

M. flabellifolius

A. afra

P. calomelanos

T. camphoratus

Time (mins)

Inhalation

Methanol

Inhalatiq

Methanol

Acetone

Inhalation

Methanql

Intiata

Methanol

Inhalatio

Methanol

4.96

0.88%

4.99

2.93%

5.01

7.06%

5.37

14.83%

5.46

34.18%

5.52

17.44%

5.55

9.58%

5.59

26.31%

13.58%

7.51%

20.08%

39.57¢9

6.13

1.33%

6.54

1.19%

7.14

1.30%

7.28

1.69%

7.74

2.54%

8.11

2.23%

9.05

21.79%

9.62

31.86%

9.72

43.15%

9.93

8.90%

10.01

22.50%

36.04%

11.39

0.51%

1141

1.19%

11.54

11.84%

11.55

11.06%

11.69

1.44%

11.70

2.53%

12.08

5.10%

0.67%

1.89%

3.52%

0.999%

12.20

0.78%

12.23

3.98%

12.25

2.43%

0.21%




Table 3.1:Summary of HPLC-UV data: Showing the integratior) (& the most prominent peaks in the chromatogrddesived from Figures 3.2 — 3.21).

Retention H. natalensis M. flabellifolius A. afra P. calomelanos T. camphoratus

Time (mins) Inhalation Methanol Acetong  Inhalatign Methanol Acetone| Inhalatiorf  Methangl  Acetone Intiata Methanol Acetone| Inhalatio Methanol Acetorje

12.28 0.85%

12.37 8.56% 1.60% 11.52%)

12.47 0.52%

12.70 0.26%

12.77 2.75% 0.47%

12.82 1.05%

12.96 7.92% 14.77%

13.02 0.49%

13.11 4.99% 4.01%

13.29 2.23% 1.61% 11.40% 7.82%

13.41 1.25% 11.06% 2.45% 4.68%

13.69 3.09%

13.74 0.53%

13.83 0.65%

13.89 3.50% 1.05% 0.78%

13.93 1.71%

14.06 0.70%

14.08 11.00%

14.17 2.09% 5.27%

14.40 10.18% 12.25%

14.42 2.46%

14.69 3.08% 5.53%

14.97 0.58%

15.46

15.50 1.07%

15.75 0.77%

16.04 2.52%

16.07 2.56%

16.10 4.54%




Table 3.1:Summary of HPLC-UV data: Showing the integratior) (& the most prominent peaks in the chromatogrddesived from Figures 3.2 — 3.21).

Retention H. natalensis M. flabellifolius A. afra P. calomelanos T. camphoratus

Time (mins) Inhalation Methanol Acetong  Inhalatign Methanol Acetone| Inhalatiorf  Methangl  Acetone Intiata Methanol Acetone| Inhalatio Methanol Acetorje

16.33 1.34%

16.56 1.41%

16.67 1.46%

16.79 0.77%

16.83 1.91%

17.18 2.18% 4.84%

17.29 2.71%

17.89 1.22%

17.92 15.46% 10.16%

17.95 0.81%

18.06 0.66%

18.75 0.60%

18.81 5.13%

18.89 0.82% 8.42% 1.90% 0.90%

18.95 10.22%

19.22 1.70%

19.24 2.29%

19.30 6.42%

19.41 2.56%

19.78 14.98%

19.99 1.86%

20.40 1.75% 3.58% 1.29%

20.45 1.00%

20.54 0.94%
20.56 8.38%

20.63 1.17%

20.67 3.44%

20.69 5.43%

20.81 2.89%
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Table 3.1:Summary of HPLC-UV data: Showing the integratior) (& the most prominent peaks in the chromatogrddesived from Figures 3.2 — 3.21).

Retention H. natalensis M. flabellifolius A. afra P. calomelanos T. camphoratus

Time (mins) Inhalation Methanol Acetong  Inhalatign Methanol Acetone| Inhalatiorf  Methangl  Acetone Intiata Methanol Acetone| Inhalatio Methanol Acetorje

20.82 0.45%

20.83 2.46%

20.89 4.52%

21.04 13.01% 2.18%

21.08 1.36%

21.13 35.56% 11.97%)

21.16 29.38%

21.31 1.09%

21.44 7.64% 2.82%

21.48 0.44%

21.58 1.01%

21.65 1.02%

21.95

21.97 9.25% 2.54% 2.06%

22.08 2.84%

2211 1.89%

2241 7.04% 0.95%

22.88 4.13% 0.50%

23.39 0.39% 1.54%

23.61 0.98%

24.09 2.26%

24.76 1.19%

26.99 0.96%

27.00 2.77%

27.80 2.60%

27.84 3.76%

27.86 1.51%

28.18 1.72% 6.33%

28.87 0.93% 3.57%




Table 3.1:Summary of HPLC-UV data: Showing the integratior) (& the most prominent peaks in the chromatogrddesived from Figures 3.2 — 3.21).

Retention H. natalensis M. flabellifolius A. afra P. calomelanos T. camphoratus

Time (mins) Inhalation Methanol Acetong  Inhalatign Methanol Acetone| Inhalatiorf  Methangl  Acetone Intiata Methanol Acetone| Inhalatio Methanol Acetorje

29.71 1.28%

30.21 1.48%
30.23 1.42%

30.41 1.93% 30.4079

30.83 1.20%

31.16 1.13% 4.05% 8.85%

31.56

31.61 0.76%

31.73 0.61%

31.93 39.03%

32.32 22.02%

32.33 3.06%

32.59 2.13% 3.95%

32.67 1.47%

32.86 4.46% 0.88% 2.62% 0.95% 0.44% 0.88%

32.95 0.97%

33.05 2.76%

33.22 0.56%

33.85 2.38% 1.86%

33.95 1.57%

34.09 3.41%

34.16 5.87%

34.24 11.84%

34.59 0.32% 1.15%

34.62 0.91%

34.64 1.92%

34.92 6.25% 8.17% 4.96%

35.03 0.61% 19.48%)

35.46 3.78%
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Table 3.1:Summary of HPLC-UV data: Showing the integratior) (& the most prominent peaks in the chromatogrddesived from Figures 3.2 — 3.21).

Retention H. natalensis M. flabellifolius A. afra P. calomelanos T. camphoratus

Time (mins) Inhalation Methanol Acetong  Inhalatign Methanol Acetone| Inhalatiorf  Methangl  Acetone Intiata Methanol Acetone| Inhalatio Methanol Acetorje

35.53 0.28%

35.73 0.31%

35.83 3.17% 1.21% 1.54%

36.33 1.32% 1.35% 1.27%

36.87 0.40%

36.88 0.35%

36.92 0.51%

36.93 0.30%
37.47 0.78%

38.62 1.93%

39.91 2.75%

39.92 0.32%

41.55 0.26%

42.14 0.99%

42.67 1.57%

43.16 5.28%

43.63 12.42%

43.77 2.19%

43.83 1.60%

44.14 5.90%

45.06 1.11%

46.07 7.09%

46.35 2.79%

49.10 2.87%

52.71 1.93%
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3.1.3. HPLC-UV and HPLC-MS comparison of the fivemhalation extracts

The chromatographic profiles of the five inhalatextracts were compared. This was done to
ascertain whether or not combustion produced theesar similar compounds regardless of

the particular plant burnt.
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M. flabellifoliusInhalation
A. afralnhalation

P. calomelanofhalation
T. camphoratusnhalation

H. natalensidnhalation

Figure 3.22: HPLC-UV chromatograms of all five afition samples i.eMyrothamnus
flabellifolius, Artemisia afra, Pellaea calomelandsarchonanthus camphoratus,

andHeteropyxis natalensis.

The HPLC-UV inhalation chromatograms (Figure 3.2R)strate that although similar
compounds do form during combustion of all fiverpi$a their profiles are still significantly
different and additional compounds are formed #ratunique to each species studied. It is
interesting to note that tHe. calomelanosnhalation extract has a major peak at a retention
time of 14.083 minutes which is absent in all otpssfiles (Figure 3.22 and Table 3.1). It

should also be mentioned at this point that it ¥esP. calomelanosnhalation extract that
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demonstrated greater antimicrobial activity thah @fl its solvent extracts against all
pathogens tested (Table 3.2). A common compounubtied for theH. natalensisand M.
flabellifolius inhalation extract at retention time 5.37 minu(@able 3.1). A common
compound is also seen #/ afra and M. flabellifolius inhalation extracts at retention time
4.67 minutes (Table 3.1). It is this same compothat is common in all three extracts
(inhalation, methanol and acetone) of the pMntlabellifolius at retention time 4.67 minutes
and is clearly observed as a common peak in FigureThere is also a common compound

seen in all five inhalation extracts at retentiomet 12.08 minutes (Table 3.1).
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Figure 3.23: HPLC-MS chromatogram bf camphoratushalation extract.
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Figure 3.24: HPLC-MS chromatogramMf flabellifoliusinhalation extract.
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Figure 3.25: HPLC-MS chromatogramf®f calomelanoshalation extract.
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Figure 3.26: HPLC-MS chromatogramlgf natalensisnhalation extract.
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Figure 3.27: HPLC-MS chromatogramAf afrainhalation extract.

A comparison of the HPLC-MS inhalation chromatogsaravealed that combustion may
produce some common compounds but each extrachatsanique compounds. HPLC-MS
chromatograms revealed six compounds that are comimoall five of the inhalation
samples, i.e. the compounds at retention times, 388, 26.14, 31.95, 43.66, and 47.28
minutes. However, out of the 90 compounds foundh@ five inhalation samples during
HPLC-MS analysis only the above six were commort @whe 90 compounds found in the
inhalation samples, 16 compounds are unique totplar extract and are absent in all other
samples. Ten unique compounds are only found inAthafra inhalation extract and six

unique compounds are only found in thecalomelanoshalation extract.

3.1.4. General discussion of the chemical compositi

Chromatographic profiles provide a comparison & tharious extracts/samples for each
plant. It is interesting to note the differencesha chromatograms for the same plant. These
differences highlight two important points: firshe solvent used for extraction has a major
impact on the compounds extracted from the plarteri@; and, secondly, the process of
burning has a profound impact on the chemistrys llIso clear that the inhalation samples

produced very different chromatograms from the meth and acetone extracts of the same

50



plant, especially evident when examining the HPLZ-&hd HPLC-MS chromatograms of

Artemisia afra, Pellaea calomelanandTarchonanthus camphoratus

Whether the burning of all plant material generdtessame active compounds has been a
topic of debate. Van Stadenal (1995) reported that similar compounds are foargmoke
extracts derived from different plants. A companisallowed the identification of 12
compounds of which seven were common in the tweoaetd investigated by Van Staden

al. (1995). There were some common compounds fouridisrstudy as would be expected;
e.g.M. flabellifoliusandP. calomelanoshalation extracts have two common compounds at
retention times of 5.59 and 18.89 minutes observeth the HPLC-UV chromatograms
(Table 3.1) and the same compounds were presertheHPLC-MS chromatograms at
retention times 16.20 and 37.11 minutes (Figur2S and 3.24)A. afraandT. camphoratus
inhalation extracts have one common compound faimdtention time 32.86 minutes (Table
3.1). P. calomelanosand T. camphoratusinhalation extractsalso have one common
compound at retention time 12.03 minutes (Tabl¢. 3However, there were no compounds
found to be common to all five inhalation extraeteken the HPLC-UV chromatographic
profiles of the five inhalation samples were coneplagFigure 3.22). The HPLC-UV analysis
of the five inhalation extracts showed differentarhatograms (Figure 3.22), indicating that
burning does not produce the exact same compoegdsdiess of the plant, although certain
common constituents are noted between one or twwbeoéxtracts. A total of 74 out of the
78 compounds found in the inhalation samples inHR..C-UV analysis were unique and
were absent in all other plant extracts. Minorsk902) noted that not all smoke derived from
individual species is equally effective in promagtiseed germination, thus there must be

differences in chemical composition.

One interesting observation from the HPLC-MS analys the common compounds that
occur in theH. natalensignhalation sample and tie camphoratughhalationsample, i.e. at
retention times: 3.92, 5.43, 14.82, 17.28, 18.247@, 35.02, 38.56, 41.24, 47.37 and 49.17
minutes (Figures 3.5 and 3.21). Common compourelalao found in the methanol and the
acetone samples of the same two plants, nant¢lynatalensisand T. camphoratusat
retention times 3.93, 4.04, 5.32, 23.94, 27.0723143.15, 44.98 and 46.05 minutes (Figures
3.3, 3.4, 3.19, 3.20). These distinct structunalilsirities in the HPLC-MS chromatograms of
the two plantsH. natalensisandT. camphoratesdid not, however, correlate with any of the

antimicrobial data.
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Besides the extensive HPLC-UV and HPLC-MS analypierformed above, gas
chromatography may have also been valuable inddtiog the compounds responsible for
enhanced antimicrobial effects observed duringnaintobial testing. A few of the selected
species in this investigation are rich in volatigesl would ideally have been analysed using
gas chromatography (GC). However, because of tjie ¢arbon content and high molecular
weights of the compounds formed during combustioninitial attempt to achieve good GC
profiles proved impossible. In addition, the compads formed seemed to have extremely
high boiling points and proved difficult to vaparigiuring a trial analysis of two of the
inhalation samples. For the above mentioned reasmwgever, gas chromatography was not

used to analyse the samples under investigation.

3.2 Antimicrobial activity of extracts

The minimum inhibitory concentration (MIC) was udedjuantitatively measure the vitro
antibacterial activity of the test extracts befarel after burning.Bioassays facilitated an
interesting comparison of the antimicrobial actestof inhalation extracts compared to those
of the conventional solvent extracts of the sanamisl Table 3.2 shows the results obtained

from the antimicrobial testing.

Table 3.2: The MIC values for combustion, methaaogtone and water extracts and isolated
essential oils (mg/ml): (Ciprofloxacin was usedtas control for the bacterial pathogens and

amphotericin B was used as the control@oneoformans

Sample S. aureus B. cereus K. pneumoniae | C. neoformans
(ATCC 25923) | (ATCC 11778) | (ATCC9633) | (ATCC 90112)

H. natalensis
Inhalation 1.86 0.35 0.70 0.93
Methanol 0.38 0.25 1.00 0.83
Acetone 0.38 0.25 2.00 1.50
Water 4.00 1.50 2.00 4.00
Essential oil 32.00 4.00 8.00 8.00
M. flabellifolius
Inhalation 0.72 0.27 0.36 0.36
Methanol 4.00 3.00 3.00 1.00
Acetone 1.00 0.50 1.50 0.25
Water 4.00 8.00 6.00 0.75
Essential oil 6.00 2.00 3.00 3.30
A. afra
Inhalation 0.52 0.26 0.52 0.52
Methanol 2.00 1.00 3.00 2.00
Acetone 0.25 0.25 2.00 0.75
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Sample S. aureus B. cereus K. pneumoniae | C. neoformans
(ATCC 25923) | (ATCC 11778) | (ATCC9633) | (ATCC90112)

Water 4.00 4.00 4.00 4.00
Essential oil 16.00 12.00 8.00 32.00
P. calomelanos
Inhalation 0.53 1.00 0.53 0.53
Methanol >16.00 >16.00 6.00 4.00
Acetone 2.00 4.00 1.50 >32.00
Water >16.00 >16.00 16.00 4.00
T. camphoratus
Inhalation 0.62 0.23 0.93 0.47
Methanol 2.00 1.00 3.00 1.00
Acetone 0.50 <0.13 1.50 0.38
Water 8.00 6.00 8.00 >32.00
Essential oil 4.00 0.75 6.00 6.60
Positive controls (commercial antibiotic)

| 0.5 x 10° | 2.5 x10° | 0.8 x10° | 1.25 x10°
Blank controls (solvent)
Methanol 16.0 16.0 8.0 8.0
Acetone No activity No activity No activity No aaty
Water No activity No activity No activity No actiyi

The results tabulated above are graphically reptedefor each species in Figures 3.28 —

3.32.

3.2.1.Heteropyxisnatalensis
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Figure 3.28: MIC values (mg/ml) for extracts andestial oils oH. natalensigested against

four pathogens.

A

Bacillus cereus

Pathogen

Klebsiella pneumoniae

‘I Inhalation B Methanol O Acetone O Water B Essential oil ‘

Cryptococcus neoformans
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The inhalation extract dfi. natalensisexhibited MIC values lower than the essential
oil and water extracts in all cases when antimilotesting was done against the
above four pathogens. The inhalation extract Hbf natalensiswas a stronger
antimicrobial than all other extracts of this plaviien tested againkt pneumoniage
which is one of the bacterial pathogens isolategaitients with an acute exacerbation
of chronic bronchitis and in bacterial pneumoniaesa(Dipiroet al., 2002). Bacterial
pneumonia is indeed a respiratory condition suftedtreatment through inhalation
therapy. The inhalation extract demonstrated lowCMhlues against all pathogens
(Figure 3.28 and Table 3.2). However, it was nostasng an antimicrobial as either
the methanol or acetone extracts of the planthergathogen$§. aureusB. cereus
andC. neoformansThe MIC results for the acetone and methanolkeidgralso gave
exactly the same MIC values for these two samplesviested again§t. aureusand

B. cereuqTable 3.2) and this is worth noting because theree obvious similarities
between the acetone and the methanol chromatograpbfiles (Figure 3.3 and
Figure 3.4).

3.2.2.Myrothamnus flabellifolius

9

Staphyllococcus aureus Bacillus cereus Klebsiella pneumoniae Cryptococcus neoformans
Pathogen

‘I Inhalation B Methanol O Acetone O Water B Essential oil ‘

Figure 3.29: MIC values (mg/ml) for extracts andesgial oils ofM. flabellifolius tested

against four pathogens.

The inhalation extract oMyrothamnus flabellifoliushad lower MICs than the methanol,

acetone, water, and essential oil extracts of taatpwhen tested against all the pathogens
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with the exception o€ryptococcus neoformar(sigure 3.29 and Table 3.2). The abundance
of peaks late in the HPLC-MS chromatogram (Figu® &nay play a role in the enhanced

activity observed for th#l. flabellifoliusinhalation extract.

Another interesting observation is the low MIC \eduobtained for allMyrothamnus
flabellifolius extracts when tested agai@typtococcus neoforman$he average MIC value
for all M. flabellifolius extracts is far lower again§€l. neoformanshan against any of the
other pathogens. It seems thdt flabellifolius is more active against the yeast than a
bacterial pathogen. £ryptococcus neoformangspiratory infection is a chronic infection
which involves mainly the lungs and meninges, araditional practices have seen
Myrothamnus flabellifolius smoke inhaled to treat chest complaints and imdBst
(Hutchings, 1996; van Wykt al.,1997). Strong antimicrobial activity was also fdumnhen

M. flabellifoliuswas tested against yeast/fungal pathogens in § byi¥iljoen et al. (2002).
Another testament to the use of this plant for irespry ailments is the current use of one of
its essential oil componentsgnspinocarveol) in a commercial pharmaceutical prapan

called Ozopulmin to treat respiratory conditionsljoén et al, 2002).

3.2.3. Artemisa afra
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Staphyllococcus aureus Bacillus cereus Klebsiella pneumoniae Cryptococcus neoformans
Pathogen

‘l Inhalation B Methanol O Acetone 8 Water B Essential oil‘

Figure 3.30: MIC values (mg/ml) for extracts andesgial oils ofA. afratested against four
pathogens.
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The inhalation extract ok. afra had the lowest MIC when compared to the otheraeigrof
the plant tested againg pneumoniaeand C. neoformangFigure 3.30 and Table 3.2)
Artemisia afrais also a plant that has been shown throughoulitdrature to demonstrate
high antimycotic (‘anti-fungal and anti-yeast’) paty. It has been said that afra has
greater activity as an antimycotic agent than aaribacterial agent (Gravest al, 1992).
This antimycotic superiority over an antibacterdiect was not evident in this study for
Artemisia afra as the plant demonstrated an equally effectiveracritobial effect against the
bacterial pathogens as it did against the y€asteoformansA study done by Gundidza
(1993) clearly indicated\rtemisia afra’sstrong inhibitory effect on seven out of ten fungi
tested in this earlier study. In addition, variossidies note the susceptibility of the
mycotoxigenic straiPAspergillus ochraceuso A. afra essential oil (Graveet al., 1992;
Gundidza, 1993). In contrast, this particular stdéynonstrated a very high MIC of 32.00
mg/ml for the essential oil &X. afra against the yea§l. neoformangFigure 3.30 and Table
3.2).

It is clear that the inhalation extract Af afrawas a stronger antimicrobial than the other
solvent extracts when tested agai@steoformangMIC 0.52 mg/ml), and was also a more
potent antibacterial agent than its conventiondVest extracts when tested againét
pneumonia€MIC 0.52 mg/ml) (Table 3.2). The unique earlytelg peaks and, in particular,
the major peak observed in the inhalation sampRLEIUV) chromatogram at retention
time 5.46 minutes (integration area of 34.18%) (&bl and Figure 3.10) may shed light on
the MIC potency observed when ti#e afra inhalation extract was tested agair&t

pneumoniaandC. neoformans.
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3.2.4.Pdlaea calomelanos
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‘Ilnhalation B Methanol O Acetone DWater‘

Figure 3.31: MIC values (mg/ml) for extractsRfcalomelanosested against four pathogens

The inhalation extract oP. calomelanoshad the lowest MIC results compared to its
respective extracts for all pathogens tested (Eigu81 and Table 3.2). The superior MIC
values obtained fdPellaea calomelanosiay be linked to the presence of unique compounds
found in the inhalation sample as seen in the otengomparison of the extracts. In the
HPLC-UV chromatogram (Figure 3.14), two unique [zeake observed at retention times
9.62 minutes and 14.08 minutes and are only presethie inhalation sample (Figure 3.14
and Table 3.1).
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3.2.5.Tarchonanthus camphoratus
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Figure 3.32 (13): MIC values (mg/ml) for extractgleessential oils of. camphoratusested

against four pathogens.

The Tarchonanthus camphoratushalation extract had a lower MIC value compat@dll
other extracts of the plant when tested agakfisbsiella pneumoniaéVliC 0.93 mg/ml).
Generally, the inhalation extracts of this plantl lew MIC values, only the acetone extracts
showed a lower MIC than the inhalation sample fer other three pathogens (Figure 3.32
and Table 3.2). Significant peaks seen early inHR.C-UV profile (Figure 3.18) of the
inhalation extract were found to be unique to teiract. Noticeable peaks were also
observed late in the HPLC-MS chromatogram (Figur2l3 Perhaps these chemical
differences observed in the UV chromatograms aedMi chromatograms of the various
extracts may account for the enhanced antimicroddaivity recorded for the inhalation

extract forKlebsiella pneumonia@~igure3.32 and Table 3.2).

3.2.6. General discussion of antimicrobial activity

Many inhalation extracts had low MIC values, whigghlighted their superior antimicrobial
potency when compared to the solvent and aqueadwacex and the essential oils of the

aromatic plants. The inhalation extract was mordemo than any of its respective

conventional extracts in a number of cas&s;afra tested againsk. pneumoniag0.52
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mg/ml); P. calomelanosestedagainstK. pneumonia€0.53 mg/ml);A. afratestedagainstC.

neoformang0.52 mg/ml); andV. flabellifoliustested againds. cereuq0.27 mg/ml).

A pronounced increase in antimicrobial activitystsown after combustion in a number of
cases; e.g\. flabellifolius samples tested agair$$t aureus essential oil MIC (6.00 mg/ml),
water MIC (4.00 mg/ml), methanol MIC (4.00 mg/m§cetone MIC (1.00 mg/ml), and
inhalation sample MIC (0.72 mg/ml). This increaseantimicrobial effect is observed also
when M. flabellifolius was tested against all four pathogens, with thHelation sample
proving the most potent in all cases (except@omeoformans In a second instance, the
inhalation extract of a plant proved more potemintlany other sample of that same plant
when tested against a particular pathogen; ld.gnatalensisvs. K. pneumoniaeMIC’s:
inhalation sample (0.70 mg/ml), methanol (1.00 mp/mvater (2.00 mg/ml), acetone (2.00
mg/ml), essential oil (8.00 mg/ml). An importantselpvation is noted foP. calomelanos
where the inhalation extract demonstrated great@marobial activity than all of its solvent

extracts against all 4 pathogens tested.

In the case ofKlebsiella pneumonigeall five inhalation extracts exhibit stronger
antimicrobial activity than their respective contienal extractsH. natalensig0.70 mg/ml),

M. flabellifolius (0.36 mg/ml),A. afra (0.52 mg/ml),P. calomelano$0.53 mg/ml), andr.
camphoratug0.93 mg/ml).Klebsiella pneumonia&s one of the bacterial pathogens isolated
in patients with an acute exacerbation of chromambhitis and in bacterial pneumonia cases.
Enteric Gram-negative bacteria are the leadingesaa§ nosocomial pneumonia according to
Dipiro et al. (2002). It is relevant to note thKtebsiella pneumoniae the most frequently
encountered pathogen in this community-acquire@rngram-negative pneumonia. This
type of pneumonia is identified commonly among gras with chronic illness (diabetes
mellitus and alcoholism), and is associated witgthhmortality (>50% in some cases). The
potential ofK. pneumoniaend other Gram-negative bacilli to produce extensnorbidity
and mortality is enhanced by the emergence of higbsistant organisms (Dipiret al.,
2002). The strong antimicrobial effect observed the inhalation samples against this
dangerous pathogen may be useful in drug developamehin the quest to enhance treatment

efficacy.

Testing against the pathog8naureugevealed that th#. flabellifoliusandP. calomelanos
inhalation extracts were the strongest antimicisbihen compared to all their respective

laboratory control extractsM. flabellifolius inhalation MIC was 0.72 mg/ml an@.
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calomelanodgnhalation MIC was 0.53 mg/ml. In the case of thsults ofH. natalensis, A.
afra, andT. camphoratusbtained withS. aureusonly their acetone samples were superior

in antimicrobial strength to the inhalation exteact

Results obtained foB. cereuswere similar to those recorded f&. aureus The M.
flabellifolius and P. calomelanosnhalation extracts had superior antimicrobiaatgt than
their respective solvent extracts!.( flabellifolius inhalation MIC was 0.27 mg/ml ane.
calomelanognhalation MIC was 1.00 mg/ml). Only the acetongracts were more active
than the inhalation extracts in terms of antimigabpotency forH. natalensis, A. afraandT.

camphoratus.

The results folC. neoformanslemonstrated the lowest MIC values for the inl@ataéxtracts

of two plants, i.eA. afraand P. calomelanosyhen compared to their respective methanol,
water, and acetone extracts, and compared to #ssential oils. In other words, the
inhalation extracts ofA. afra and P. calomelanoswere more potent than the plants’
conventional solvent extracts with this particulpathogen. The acetone extracts
demonstrated better MIC values than all otherd faramphoratusndM. flabellifoliuswhen
tested againsC. neoformansThe methanol extract dfl. natalensiswas the most potent
extract, followed by the inhalation sample (MIC ®.8ig/ml and 0.93 mg/ml respectively)

when tested again€iryptococcus neoformans

On average, the conventional solvent extracts stioligher MIC values and were less
potent than the inhalation extracts; e.g. averad€ Kbr methanol, acetone, water and
essential oil extracts d¥l. flabellifolius and B. cereuswere 3.38 mg/ml compared to 0.27

mg/ml for the inhalation sample.

Generally, acetone extracts were shown to havemely low MIC's. It seemed evident that
inhalation and acetone extracts were comparakerins of antimicrobial efficacy, yet there
is a large quantitative difference between inhatagxtracts and the other solvent extracts
(methanol, water and essential oil). This is aergdting finding considering that previous
work supports the theory that solvent extracts maagually be superior to traditionally
prepared extracts (Jager, 2003). The study by J&4#3) raised concerns about the
traditional way of preparing plant extracts and atoded that the traditional means of

preparation may not lead to very active extractghé current study, however, the inhalation
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extracts (products of a crude method of traditiggreparation of plant remedies) were in fact

very active, with low MICs indicating that the agicompounds were retained.

Rabe and van Staden (1997) reported that the ragfrthe antibacterial activity of plants
was present in methanol extracts. Traditionallyvéeer, plant extracts are prepared with
water and it seems unlikely for traditional healéwsextract those constituents that are

responsible for activity in the methanol extra&tsalfe and van Stadet097).

It is also highly unlikely and impractical for tiéidnal healers to extract plants with acetone.
This study has shown strong antimicrobial actiwtjth the acetone extracts and the
inhalation extracts. Acetone is very efficient asofvent for extracting compounds with high
antimicrobial activity (Eloff, 1998b). Eloff (1998bconducted a study to evaluate which
extractant should be used for the screening ardtiso of antimicrobial components from
plants. That study concluded that acetone was bth&abest and most useful solvent as it
extracts polar and non-polar inhibitors and denratesti the lowest MIC’s. This present
study has confirmed Eloff's (1998b) evaluation afetne by also demonstrating high
antimicrobial activity with the acetone extractsfollows, therefore, that one should raise the
question as to whethen vitro antimicrobial studies can be used to scientificatbnfirm
theories about traditional practices, if traditibhaalers do not use ‘superior’ extractants like

acetone.

The essential oils, together with the GC-MS profie this study was obtained from the
research collaborator Dr. van Vuuren (van VuuredQ7). The antimicrobial activity of
essential oils was initially evaluated in the lidihase until a systematic evaluation of the
vapour activity was carried out by Maruze#ial (1959) and Kienholz (1959), and then by
Maruzella and Sircurella (1960). The role of ess¢mils in inhalation therapy was further
investigated by Inouyet al. (2001), who derived a method to express the aatahial
activity by gaseous contact. A parameter calledMti® (minimal inhibitory dose per unit
space) was introduced to compare the relative vapdivity of essential oils. In comparison,
this study has successfully created a novel wamitaic more closely what happens in a
traditional setting with the specially designedalation apparatus, but a similar indicator
such as the MID used by Inouyt al (2001) may be useful in further quantifying the
antimicrobial strength of the plant inhalation extts. Embarking on a similar study to that
conducted by Inouyet al (2001), where smoke instead of essential oil ua®allowed to

impregnate into agar which contains respiratoryhpgéns, may shed more light on the
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antimicrobial effects of smoke-derived constituentdso of interest would be the

solubility/absorption into an aqueous medium suchgar.

Various factors may also influence the antibackesifect of inhaled substances as a viable
therapy. Time of exposure to the inhaled smokectireentration of ‘gas’ produced, the heat
of combustion and the mode of burning (open fitecteic stove, gas stove) may all influence
the effect achieved. Some studies on the inhalatibessential oils concluded that the
antimicrobial action by gaseous contact is mogtiefit when the pathogen is exposed at
high vapour concentration for a short time (Inoeyel, 2001). Various temperatures may
produce different compounds with changing actisiti®low combustion of dry or green plant
material gives rise to the active principles thag apparently produced around 160-200°C

and are volatilised at higher temperatures (Mingrk02).

The antimicrobial activity of all volatile compousds a result of two factors: the direct
vapour absorption on microorganisms; and an intieftect through the medium that

absorbed the vapour (Moleyar and Narasimhb®86).

The MIC results indicate that active compounds farened on combustion and these
constituents, only present after burning, have poéd antimicrobial activity. Similarly,
Minorsky (2002) commented on smoke-derived gernonatues having high activity at very
low concentrations (e.gNicotiana attenuatavas active at concentrations < 1pg/seed). A
study done by van Stadem al (2004) investigated the role of smoke-derivedtioms as a
germination stimulant. Plant-derived smoke doe®@adcontain several thousand different
compounds and it is generally accepted that acivestituents are produced directly by the
combustion of the plant material (van Stad#nal., 2004). It may be postulated that the
phytoconstituents formed on combustion serve tcaeoé the antimicrobial activity of the
plant (a synergistic or additive effect), or thawnantimicrobial compounds are formed
(artefacts) that enhance activity. Smoke extraatelalready found wide application as seed
germination stimulants, in that they have been wsedeed pretreatments for enhancing the
conservation of threatened or rare species of pl@vitnorsky, 2002). In addition, smoke-
induced germination studies have shown a longrgstibility of plant smoke to overcome
seed dormancy. Seeds treated with smoke have edtain enhanced ability to germinate
even after a year of storage (Minorsky, 2002). &gshthe improved germination ability
(Minorsky, 2002) is as a result of the enhancedraatobial activity found in the inhalation

extracts in the current study (Table 3.2)
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It has also been noted that the degradation odicegssential oil components (limonene and
a-pinene) by oxidation may produce oxygenated preitiat exhibit better activity than the
parent hydrocarbons (Inoug al, 2001). Adrianszt al. (2000) identified 1,8-cineole as an
active germination enhancer, and octanoic acididegtified as an active factor in smoke in
another study (Sutcliffe and Whitehead, 1995). ERract compounds responsible for the
antimicrobial activity would need to be identifiathd isolated in similar future studies. The
promising MIC values documented after combustioth @ known benefits of site-specific
administration could explain the benefits of inhiala therapy in traditional medicine for

treating respiratory ailments.

3.3. General discussion

Out of the 90 compounds found in the inhalation gasduring HPLC-MS, 16 compounds
are unique to a particular extract and do not ogewamy other sample; ten compounds are
found only inA. afrainhalation extract and six compounds are found @anR. calomelanos
inhalation extract and no other extratt.could be postulated that it is these unique
compounds that account for the antimicrobial pogevicthe A. afrainhalation extract when

tested againd€. pneumonia@andC. neoformans

Another interesting finding was the occurrencelsf same compounds M. flabellifolius
inhalation sample anB. calomelanosnhalation sample at retention times 16.20 and B7.
minutes during HPLC-MS analysibl. flabellifolius andP. calomelanosnhalation extracts
also have two common compounds at retention timé&s5® and 18.89 minutes (Table 3.1).
These similarities are pertinent as e flabellifolius inhalation sample had the strongest
antimicrobial effect when compared to its respectivethanol, acetone, water and essential
oil samples when tested against all pathogens &xaep C. neoformans As discussed
previously, theP. calomelanosnhalation sample was also superior to all otlwventional
extracts of this plant when tested against all foathogensilt is interesting that these two
plants have shown higher antimicrobial potency @arty all cases with the inhalation

extracts compared to their respective solvent etdr@lable 3.2).

Despite the need for further investigation intdasoag the exact constituents responsible for
the low MIC values of the inhalation extracts, watko needs to be done on the possible role

of a physical mechanism that occurs in a patiergrwinhaling a vapour. Investigation into
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the exact physical mechanism of action of smokeésdérconstituents may further explain
the superiority of this mode of administration. Manhaled medicines are used to treat colds
and respiratory conditions, and essential oil iatkah has long been used to treat acute and
chronic bronchitis, sinusitis, and other respirgtonditions (Inouyet al, 2001). It has been
said that the vapours of essential oils increasethflow of respiratory tract fluid (Boyd and
Sheppard, 1970), maintain the ventilation drainafythe sinuses (Burrowt al, 1983), and
have an anti-inflammatory effect on the tracheaufffa et al, 1990), in addition to their
antibacterial activities. Perhaps smoke inhalati@s a similar mechanical effect on the

tissues, in addition to its enhanced antimicroéfédct.

In an age of modern advances in the medical fiedshyhrural folk still use inhalation as a

means of treatment not only because they lack itrendes to seek allopathic cures but
because of their belief in its efficacy. Inhalatis a highly effective mode of administration
not only because of its direct and local effecttioe lungs for the treatment of respiratory
afflictions, but also because of its ability toidet drugs effectively to the rest of the body. In
addition, the large surface area for absorption tedlow metabolic activity of the lungs

make this organ system a potential route for systeelivery of drugs that cannot be

administered by other means (Suarez and HickeyQ)2@0few studies have shown that the
lungs provide a substantially greater bioavail&pidor macromolecules than any other port
of entry to the body (Suarez and Hickey, 2000).

The need for further investigations into this iegmg area of study is evident. An interesting
area for future study into inhalation therapy migghtan investigation of bacterial vs. fungal
susceptibility towards inhalation extracts. Even rkvodone with inhalation extracts
concentrating only on fungal pathogens would beiatle. Further MICs, in conjunction
with more advanced structural analysis and carsfiation of the active compounds in
inhalation extracts, would be helpful in revealitng exact compounds responsible for the
enhanced antimicrobial effects, and this would smede light on inhalation as an effective

and extensively utilised method of treatment irhbeéstern and traditional cultures.
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CHAPTER 4: CONCLUSIONS

e The inhalation extracts had extremely low MIC valiemphasising their antimicrobial
potency against respiratory pathogens. The MIC'sth&f inhalation extracts ranged
between 0.23 mg/mIT¢ camphoratugor. B. cereu}to 1.86 mg/ml il. natalensidor S.
aureuy. All inhalation extracts had MIC values that oweemge are lower than the
average MIC obtained for the solvent extract.

e When comparing inhalation extracts to conventiamVent extracts, a dramatic change
in antimicrobial activity and composition was ewvitleln specific cases the inhalation
extract of a plant was stronger as an antimicradgainst certain pathogens than any of
the other conventional solvent extracts of thatesgmant. This superior activity of the
inhalation extract was observed fbr. flabellifolius when tested against all pathogens
(except forC. neoformans Pellaea calomelanomhalation extract had the lowest MIC
values when compared to the solvent extracts fgradhogens.

e All five inhalation extracts demonstrated strongestimicrobial activity than their
respective solvent and aqueous extracts when tagadsKlebsiella pneumoniae.

e Chromatographic profiles revealed a differenceamposition between different extracts
of the same plant.

¢ Inhalation extracts gave rise to a very differdmroical profiles compared to the solvent
extracts of the same plants, and inhalation samptegained a number of unique
compounds not present in the other extracts. HPLE gvbfiles revealed that of the 90
compounds noted in the inhalation samples, 16 comg®are unique and do not occur in
any other sample. It is clear that combustion pgegeoduces compounds not present in
any of the solvent extracts.

e HPLC comparisons of the five inhalation extractsesded that similar and different
constituents are formed during the burning proeessthat combustion does not liberate
the same compounds regardless of the plant material

e The choice of solvent used for extraction and thening process greatly influences the

chemical composition and the observed antimicradméivity.
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APPENDIX

A presentation was given at The Indigenous Plar@ Bsrum, Grahamstown, 27-30 June
2005 [Podium presentation] where some of the datéhe plantPellaea calomelanowas
presented.

“Some variables to be considered in pharmacognostistudies using South African
medicinal plants as a demonstration model”

S. VAN VUUREN, A. VILJOEN, R. VAN ZYL, E. NJENGA AND M. BRAITHWATE
Department of Pharmacy and Pharmacology, FaculHealth Sciences, University of the

Witwatersrand, 7 York Road, Parktown 2193, SouthcAf

Many variables are involved in plant-based stu@ied microbiological assays are only as
reliable and sensitive as the test system employsthg South African medicinal plants,
some aspects of Pharmacognosy studies will beigighd to demonstrate the factors that
may influence the results.

Joint assays may corroborate findings, as in trse @ Osmitopsis asteriscoidewhere
results obtained from disc diffusion, MIC, timelkmhethodology and confocal membrane
integrity studies are congruent. Studieskwiocephalusspp. however, reveal that the choice
of assay can change the whole focus of the resaéegraphical and /or genetic factors may
account for variation within and between plant dapans as seen with antimicrobial data
generated foEriocephalus aromaticusSeasonal variation may or may not impact on the
results obtained, as noted in a studyHmteropyxis natalensisyhere plants were harvested
on a monthly basis for one year. The MIC valuesimletd from individual plants indicated
little variation. However, the ratio of the two raajcompounds (1,8-cineole and limonene)
showed some monthly fluctuation. The role these teonpounds have on the overall
antimicrobial activity was assessed and resultscatd that in combination they show
variable synergistic and antagonistic interactibne traditional use of plants as a treatment
for infectious diseases is not always restricted single plant part. Antimicrobial studies on
Croton gratissimusshow that not only do the leaf, bark and root ettrahave higher
sensitivities than the essential oils, but thatdot/leaf combination, synergy is enhanced.
Using a simple combustion experiment for plantsvbich the smoke is inhaled we have
illustrated that the smoke fraction is antimicrdlyianore active than the solvent extracts.
This clearly demonstrates the need to mimic theitiomal mode of administration as closely
as possible in the laboratory.

70



