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ABSTRACT

Introduction: High antioxidant capacities have been linked to the treatment of rheumatic diseases and in the
inhibition of microbial growth. Recent reports have identified several native Australian culinary herbs with high
antioxidant capacities. Despite this, several of these species are yet to be tested for the ability to inhibit the
growth of the bacterial triggers of autoimmune inflammatory diseases. Methods: Solvent extracts prepared from
selected Australian culinary herbs were analysed for antioxidant capacity by the DPPH free radical scavenging assay.
Growth inhibitory activities against bacterial species associated with initiating rheumatoid arthritis and ankylosing
spondylitis were determined by disc diffusion assay and quantified by MIC determination. Toxicity was determined
by Artemia franciscana bioassay. Results: Methanolic extracts of most plant species displayed relatively high
antioxidant contents (equivalent to approximately > 10 mg of vitamin C per gram of fruit extracted). Most aqueous
extracts also contained relatively high antioxidant capacities. The ethyl acetate and chloroform extracts generally
had lower antioxidant capacities than the more polar extracts. In contrast, the hexane extracts of all species had
low antioxidant contents (generally < 0.5 mg of vitamin C per gram of fruit extracted). Interestingly, the bacterial
growth inhibitory activity of the extracts did not correlate with their antioxidant capacities. With the exception of
native thyme, the herb extracts with the highest antioxidant capacities had only low antibacterial activity, with
MIC values generally well in excess of 4000 ug/ml against all bacterial species. In contrast, many of the ethyl
acetate extract and hexane extracts, which had low range antioxidant capacities (generally < 5 mg ascorbic acid
equivalents/g extracted), had potent bacterial growth inhibitory activity with many MIC values substantially below
1000 ug/ml). The river mint ethyl acetate extract displayed toxicity in the Artemia franciscana bioassay (LC50 =186
ug/mL). All other extracts were nontoxic. Conclusion: The lack of toxicity and inhibitory activity against microbial
triggers of rheumatoid arthritis and ankylosing spondylitis by the Australian native culinary herb extracts indicates
their potential in the treatment and prevention of these diseases.

Key words: Ankylosing spondylitis, Functional foods, Native thyme, Native sage, Native basil, River mint, Rheumatoid
arthritis, Wattle seed.

INTRODUCTION

Herbs and spices are useful to provide flavouring, aroma  ¢dible botanical products have been used as traditional

and visual characteristics to food. In addition, many 4 0 ee by multiple cultures. Indeed, the highly spiced

nature of Indian cuisine and Ayurveda are intertwined.'
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DO 10.5530/pc.2015.2.4 curry component) is used in Ayurveda to treat jaundice;

basil is used as a cardio-protectant, cinnamon for circu-
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latory disorders, mace for gastric infections and ginger
as a universal medicine for a wide variety of complaints.
Similarly, herbs and spices used in other Asian, European
and African cuisines as well as food from the Americas,
have also been used medicinally. Scientific investigation
has verified the therapeutic potential of many of these.
Curcumin has been identified as an anticancer compo-
nent of turmeric.? Gatlic, green tea, rosemary, sage thyme
and saffron have been linked with a reduction of blood
cholesterol, immunomodulatory and anticancer activity.’

Despite several notable exceptions, much less is known
about the use of Australian culinary herbs and spices
as therapeutic agents. Tasmannia lanceolata (Tasmanian
pepper) is used as both an herb (leaves) and as a spice
(berry) in the cooking of both Australian Aborigines and
by European settlers.*> Australian Aborigines also used
T lanceolata as a therapeutic agent to treat stomach disor-
ders and as an emetic, as well as general usage as a tonic.’
Reports also exist of the use of T. lanceolata by Australian
Aborigines for the treatment and cure of skin disorders,
venereal diseases, colic, stomach ache and as a quinine
substitute.” Later, European colonists also recognized
the therapeutic potential of I. /anceolata and the bark was
used as a common substitute for other herbal remedies
(including those derived from the related South American
Winteraceae species, Drimys winteri (winter bark)® to treat
scurvy due to its high antioxidant content.””’

Many other Australian plant species also have a history
of usage as food flavourings and are considered culinary
equivalents of herbs from other parts of the world for
which therapeutic properties are well established. Prostan-
thera rotundifolia (native thyme) may be used as a replace-
ment for European thyme (Thymus vulgaris), Salvia plebeian
(native sage) is a culinary equivalent of sage (Salvia offici-
nalis), and Mentha anstralis (river mint) has similar taste and
aroma characteristics to spearmint (Mentha spicata). All of

these international herbs have been shown to have thera-
peutic properties including antimicrobial, anti-inflamma-
tory and anticancer activities.” In contrast, there is limited
documentation of the ethnopharmacological usage of the
Australian herbs and an understanding of their medicinal
properties is lacking, The current study was undertaken to
test the ability of Australian culinary herbs to inhibit the
growth of bacteria associated with autoimmune inflam-
matory diseases.

Autoimmune inflammatory disorders (e.g. rheumatoid
arthritis, ankylosing spondylitis) are a group of debilitating
conditions which afflict genetically susceptible individuals.
There are no cures for any of these conditions. Instead,
current treatment strategies aim to alleviate the symptoms
(particularly pain, swelling and inflammation) with anal-
gesics and anti-inflammatory agents and/or to modify
the disease process through the use of disease modify-
ing drugs. None of these treatments is ideal as prolonged
usage of these drugs is often accompanied by unwanted
side effects and toxicity.® There is a need to develop safer,
more effective treatments for these conditions which will
not only alleviate the symptoms, but may also cure or pre-
vent the disease. A greater understanding of the onset and
progression of these disorders should greatly assist in more
relevant drug discovery and development.

The causes of the autoimmune inflammatory disorders
are currently not well understood. However, it is gener-
ally accepted that they are immune disorders triggered in
susceptible individuals by specific microbial infections.
Recent serotyping studies have identified several of the
bacterial triggers of some of these conditions and the
bacterial antigens responsible for the induction of an
immune response (Table 1). The major microbial trigger
of rheumatoid arthritis has been identified as Proteus mira-
bilis a normal part of the human gastrointestinal flora.
Similatly, Klebsiella pneumoniae has been shown to initiate

Table 1: The bacterial triggers of rheumatoid arthritis and ankylosing spondylitis as well as the bacterial antigen

and host susceptibility antigen sequences.

Disease Bacterial Trigger Bacterial Bacterial Host Antigen Host Sequence References
Antigen Sequence
Rheumatoid Proteus mirabilis and haemolysin ESRRAL MHC class 2 EQ/KRRAA 9-12
arthritis possibly also other allele HLA-DR4
Proteus spp. urease IRRET type Xl collagen LRREI 11,13
Ankylosing Klebsiella nitrogenase QTDRED MHC class 1 QTDRED 10, 14
spondylitis pneumoniae reductase allele HLA-B27
enzyme
pullulanase DRDE MHC class 1 DRED 15
allele HLA-B27
pullulanase types |, lll and IV GxP 16
collagen
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ankylosing spondylitis."” The development of antibiotic
agents targeted at the specific bacterial triggers of auto-
immune inflammatory disorders would enable afflicted
individuals to target these microbes and thus prevent
the onset of the disease and reduce the severity of the
symptoms once the disease has progressed. Antimicrobial
plant extracts with high antioxidant contents are particu-
larly attractive as they may treat the symptoms of inflam-
mation as well as blocking the microbial trigger and thus
have pluripotent effects.

MATERIALS AND METHODS

Plant source and extraction

All plant material was obtained from Taste Australia
Bush Food as verified dried herbs and spices. Voucher
samples have been stored in the School of Natural Sci-
ences, Griffith University. Individual 1 g quantities of the
ground plant material were weighed into separate tubes
and 50 ml of methanol, water, ethyl acetate, chloroform
or hexane were added. All solvents were obtained from
Ajax and were AR grade. The ground plant materials
were individually extracted in each solvent for 24 hours at
4°C with gentle shaking. The extracts were subsequently
filtered through filter paper (Whatman No. 54) under
vacuum, followed by drying by rotary evaporation in an
Eppendorf concentrator 5301. The resultant dry extract
was weighed and redissolved in 10 ml deionised water.

Qualitative phytochemical studies

Phytochemical analysis of the culinary herb extracts for
the presence of saponins, phenolic compounds, flavo-
noids, polysteroids, triterpenoids, cardiac glycosides,
anthraquinones, tannins and alkaloids was conducted by
previously described assays.'"

Antioxidant capacity determination

The antioxidant capacity of each sample was assessed
using the DPPH free radical scavenging method" with
modifications. Brieflyy, DPPH solution was prepared
fresh each day as a 400 uM solution by dissolving DPPH
(Sigma) in AR grade methanol (Ajax, Australia). The ini-
tial absorbance of the DPPH solution was measured at
515 nm using a Molecular Devices, Spectra Max M3 plate
reader and did not change significantly throughout the
assay period. A 2 ml aliquot of each extract was evapo-
rated and the residue resuspended in 2 ml of methanol.
Each extract was added to a 96-well plate in amounts of
5, 10, 25, 50, 75 wl in triplicate. Methanol was added to
each well to give a volume of 225 ul. A volume of 75 ul
of the fresh DPPH solution was added to each well for a
total reaction volume of 300 pl. A blank of each extract
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concentration, methanol solvent, and DPPH was also
performed in triplicate. Ascorbic acid was prepared fresh
and examined across the range 0-25 ng per well as a refer-
ence and the absorbances were recorded at 515. All tests
were performed in triplicate and triplicate controls were
included on each plate. The antioxidant capacity based on
DPPH free radical scavenging ability was determined for
each extract and expressed as pg ascorbic acid equivalents
per gram of original plant material extracted.

Antibacterial screening
Test microorganisms

All media was supplied by Oxoid Ltd. Reference strains
of  Klebsiella pneumoniae (NTCC31488), Proteus mirabilis
(ATCC21721) and Proteus vulgaris (ATCC21719) were pur-
chased from American Tissue Culture Collection, USA.
All other clinical microbial strains were obtained from the
School of Natural Sciences teaching laboratory, Griffith
University. All stock cultures were subcultured and main-
tained in nutrient broth at 4°C.

Evaluation of antimicrobial activity

Antimicrobial activity of all plant extracts was determined
using a modified disc diffusion assay.*** Briefly, 100 pl of
the test bacteria were grown in 10 ml of fresh nutrient
broth media until they reached a count of approximately
10% cells/ml. An amount of 100 pl of bacterial suspen-
sion was spread onto nutrient agar plates. The extracts
were tested for antibacterial activity using 5 mm sterilised
filter paper discs. Discs were impregnated with 10 ul of
the test sample, allowed to dry and placed onto inoculated
plates. The plates were allowed to stand at 4°C for 2 hours
before incubation with the test microbial agents. Inocu-
lated plates were incubated at 30°C for 24 hours, then the
diameters of the inhibition zones were measured in milli-
metres. All measurements were to the closest whole milli-
metre. Each antimicrobial assay was performed in at least
triplicate. Mean values (£ SEM) are reported in this study.
Standard discs of ampicillin (2 pug) were obtained from
Oxoid Ltd. and served as positive controls for antibacte-
rial activity. Filter discs impregnated with 10 pl of distilled
water were used as a negative control.

Minimum inhibitory concentration (MIC)
determination

The minimum inhibitory concentration (MIC) of the
extracts were determined as previously described.”?
Briefly, the plant extracts were diluted in deionised water
and tested across a range of concentrations. Discs were
impregnated with 10 pl of the test dilutions, allowed to
dry and placed onto inoculated plates. The assay was per-
formed as outlined above and graphs of the zone of inhi-
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Table 2: The mass of dried extracted plant material, the concentration after resuspension, qualitative
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phytochemical screenings and antioxidant contents of the cullinary herb extracts.
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M = methanolic extract; W = aqueous extract; E = ethyl acetate extract; C = chloroform extract; H = hexane extract; +++ indicates a large response; ++ indicates a moderate
response; + indicates a minor response; - indicates no response in the assay. AA = ascorbic acid. BDT = below detection threshold.

bition versus concentration were plotted for each extract.
Linear regression was used to calculate the MIC values.

Toxicity screening

Reference toxin for toxicity screening

Potassium dichromate (K,Cr,0)) (AR grade, Chem-
Supply, Australia) was prepared as a 1.6 mg/ml solution in
distilled water and was serially diluted in artificial seawater
for use in the Artemia franciscana nauplii bioassay.

Artemia franciscana nauplii toxicity screening

Toxicity was tested using a modified Artemia franciscana
nauplii lethality assay.””* Briefly, 400 ul of seawater con-
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taining approximately 48 (mean 47.8, n=132, SD 13.7) A.
Sfranciscana nauplii were added to wells of a 48 well plate
and immediately used for bioassay. A volume of 400 ul
of diluted plant extracts or the reference toxin were trans-
ferred to the wells and incubated at 25 & 1°C under artifi-
cial light (1000 Lux). A negative control (400 ul seawater)
was run in triplicate for each plate. All treatments were
performed in at least triplicate. The wells were checked
at regular intervals and the number of dead counted. The
nauplii were considered dead if no movement of the
appendages was observed within 10 seconds. After 24 h all

nauplii were sacrificed and counted to determine the total
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Figure 1: Antibacterial activity of the culinary herb extracts against P. irabilis measured as zones of inhibition (mm). The blue
bars represent the inhibitory activity against the reference strain (ATCC: 21721) and the green bars represent the zones of inhibi-
tion against the clinical strain. 1=wattle seed; 2=native thyme; 3=native sage; 4=native basil; 5=river mint; M=methanolic extract;
W= water extract; E=ethyl acetate extract; C=chloroform extract; H=hexane extract; NC=0.5% DMSO; Amp=ampicillin (2 png)

control. Results are expressed as mean zones of inhibition = SEM.

% mortality per well. The LC, with 95% confidence limits
for each treatment was calculated using probit analysis.

Statistical analysis

Data are expressed as the mean + SEM of at least three
independent experiments. One way ANOVA was used
to calculate statistical significance between control and
treated groups with a P value < 0.01 considered to be
statistically significant.

RESULTS

Liquid extraction yields and qualitative
phytochemical screening

Extraction of 1 g of the vatious dried Australian culinary
herbs with the solvents yielded dried plant extracts ranging
from 2 mg (river mint ethyl acetate extract) to 260 mg (native
basil chloroform extract) (Table 2). Methanol gave relatively
high yields of dried extracted material for all culinary herbs.
Water and chloroform also generally gave high yields, whilst
all other solvents extracted lower masses. The dried extracts
were resuspended in 10 ml of deionised water, resulting in
the extract concentrations shown in Table 2.

Qualitative phytochemical studies (Table 2) showed that
methanol and water extracted the widest range and high-
est levels of phytochemicals. Both solvents extracted high
levels of phenolics (both water soluble and insoluble phe-
nolics) and flavonoids, as well as moderate to high levels
of triterpenes and saponins. Interestingly, cardiac glyco-
sides and alkaloids were also detected in low to moder-
ate levels in most methanolic and aqueous extracts. With
the exception of the wattle seed extracts, tannins were
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detected in the polar extracts of all culinary herbs. The
ethyl acetate extracts generally extracted similar classes of
phytochemicals to the methanolic and aqueous extracts,
albeit at lower levels. In general, the levels of the screened
phytochemical classes were below the level of detection
in all chloroform and hexane extracts.

Antioxidant content

Antioxidant capacity (expressed as ascorbic acid equiva-
lence) for the Australian culinary herbs are shown in Table
2. The antioxidant capacity ranged from below the level of
detection to a high of 12.3 mg ascorbic acid equivalence
per gram of dried plant material extracted (native sage
methanolic extract). The methanol extracts of all herbs
had higher antioxidant capacities than the corresponding
water, ethyl acetate, chloroform or hexane extracts.

Antimicrobial activity

To determine the antimicrobial activity of the crude plant
extracts, aliquots (10 ul) of each extract were tested in the
disc diffusion assay. Both reference and clinical strains of
Protens mirabilis were inhibited by several of the Australian
culinary herb extracts (Figure 1). The growth inhibition
by the wattle seed extracts was particularly noteworthy,
with much larger zones of inhibition recorded than for
the other herb extracts. Indeed, with the exception of the
hexane extract, all wattle extracts inhibited the growth
of both P. mirabilis strains. The native thyme methanolic,
aqueous and ethyl acetate extracts, and native sage metha-
nolic extract also inhibited the growth of the reference
and clinical strains of P. mirabilis. A greater susceptibility
of the clinical strain than the reference strain was noted
for the control antibiotic and all inhibitory extracts.

Phcog Commn, Vol 5, Issue 2, Apr-Jun, 2015
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Figure 2: Antibacterial activity of the Australian culinary herb extracts against P. vulgaris (ATCC21719) measured as zones of in-

hibition (mm). 1=wattle seed; 2=native thyme; 3=native sage; 4=native basil; 5=river mint; M=methanolic extract; M=methanolic
extract; W=water extract; E=ethyl acetate extract; C=chloroform extract; H=herb extracts; NC=0.5% DMSO; Amp=ampicillin (2
pg) control. Results are expressed as mean zones of inhibition £ SEM.
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Figure 3: Antibacterial activity of the Australian culinary herb extracts against K. pneunoniae measured as zones of inhibition (mm).
The blue bars represent the inhibitory activity against the reference strain (ATCC31488) and the green bars represent the zones
of inhibition against the clinical strain. 1=wattle seed; 2=native thyme; 3=native sage; 4=native basil; 5=river mint; M=methanolic

extract; M=methanolic extract; W=water extract; E=ethyl acetate extract; C=chloroform extract; H=hexane extract; NC=0.5%
DMSO; Amp=ampicillin (2 pug) control. Results are expressed as mean zones of inhibition = SEM.

The growth of P. vulgaris was substantially more suscep-
tible to inhibition by the culinary herb extracts than were
the P. mirabilis strains for most extracts. (Figure 2) The
methanol and ethyl acetate extracts were generally more
potent inhibitors of P. vufgaris growth than were the other
extracts (as determined by the size of the zone of inhibi-
tion). The wattle seed ethyl acetate extract was particularly
potent, with a zone of inhibition of approximately 13.5
mm. The wattle seed chloroform and native thyme meth-
anolic extracts were also potent inhibitors of P. vulgaris
growth, each with zones of inhibition = 10 mm.

Both reference and clinical strains of Kiebsiella pneumoniae
were inhibited by several of the culinary herb extracts,

Phcog Commn, Vol 5, Issue 2, Apr-Jun, 2015

albeit with relatively small zones of inhibition (Figure 3).
Several native sage, native basil and river mint extractsin-
hibited one or both K. pneunonia strains. However, inhibi-
tion was weak (as judged by the zones of inhibition), with
inhibition zones generally < 6.6 mm in diameter. Notably,
whilst the control antibiotic (2 pg ampicillin) did inhibit K.
prenmonia growth, the inhibition zone was also relatively
small (<7.5 mm) indicating that both the reference and
clinical strains were ampicillin resistant.

The antimicrobial efficacy was further quantified by
determining the MIC values for each extract against the
microbial species which were determined to be suscep-
tible. Several of the culinary herb extracts were effective
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Table 3: Minimum inhibitory concentration (ug/ml) of
the Australian culinary herb extracts.
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Numbers indicate the mean MIC values of triplicate determinations. - indicates
no inhibition. M=methanolic extract; W=aqueous extract; E=ethyl acetate extract;
C=chloroform extract; H=hexane extract.

at inhibiting microbial growth (Table 3), with MIC values
against many of the susceptible bacteria <1000 pg/ml
(<10 pg impregnated in the disc), indicating the poten-
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tial of these extracts in controlling multiple autoimmune
inflammatory disorders. The MIC values determined
for the native thyme hexane extract against the Proteus
strains was particularly note worthy. This extract had MIC
values in the range 500-800 pg/ml (5-8 ug impregnated
in the disc) against all 3 Proteus species/strains. There-
fore, native thyme may be useful as a functional food for
people with rheumatoid arthritis. Similarly, the river mint
ethyl acetate extract was a potent inhibitor of K. preumoniae
growth (both strains) with MIC values of approximately
200 pg/ml (2 ng impregnated in the disc). Therefore, tiver
mint may be useful in controlling this condition by block-
ing its onset and lessening the symptoms. Several other
of the Australian culinary herbs also demonstrated useful
inhibitory activity, with MICs < 5000 pg/ml.

Quantification of toxicity

All extracts were initially screened undiluted in the assay
(Figure 4). For comparison, the reference toxin potassium
dichromate (1000 pg/ml) was also tested in the bioassay.
The potassium dichromate reference toxin was rapid in
its onset of mortality, inducing mortality within the first 3
hours of exposure and 100 % mortality was evident fol-
lowing 4-5 hours (results not shown). Similarly, most of
the herb extracts displayed > 50 % mortality rates at 24
h and 48 h.

To further quantify the effect of toxin concentration
on the induction of mortality, the extracts were seti-
ally diluted in artificial sea water to test across a range
of concentrations in the Artemia nauplii bioassay at 24
hours. Table 4 shows the LC50 values of the culinary
herb extracts towards A. franciscana. No 1LC50 values are
reported for the wattle seed ethyl acetate and hexane
extracts, the native thyme aqueous extract, as well as the
native basil and river mint aqueous and hexane extracts
as less than 50 % mortality was seen for all concentra-
tions tested. All culinary herb extracts except river mint
ethyl acetate extract were determined to be nontoxic, with
LC50 values much greater than 1000 pg/ml following 24
h exposure.

DISCUSSION

Plant remedies are becoming increasingly sought after
in the treatment of a myriad of diseases and disorders
due both to their perception of greater safety than many
synthetic drugs, and the failure of current drug regimens
to effectively treat many diseases. This is especially true
for chronic disorders such as the autoimmune inflam-
matory diseases. The current treatments utilising disease
modifying anti-rheumatic drugs (DMARDs) to alleviate

Phcog Commn, Vol 5, Issue 2, Apr-Jun, 2015
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Figure 4: The lethality of the undiluted fruit extracts and the potassium dichromate control (1000 pg/mL) towards Artemia nauplii.
The blue bars represent the mortality after 24h exposure and the green bars represent the mortality after 48h exposure. 1=wattle
seed; 2=native thyme; 3=native sage; 4=native basil; 5=river mint; M=methanolic extract; M=methanolic extract; W=water extract;

E=ethyl acetate extract; C=chloroform extract; H=hexane extract; NC=negative (seawatet) control; PC=positive control (1000 pg/
ml potassium dichromate). All tests were performed in at least triplicate and the results are expressed as mean £ SEM.

Table 4: The concentrations of the culinary herb
extracts required to achieve 50% mortality (LC, ) in the
A. franciscana nauplii assay.

Plant Species Extract 24 hLC50
Wattle seed M 5763
W 6254
E -
C 3230
H -
Native Thyme M 3358
w -
E 1353
C 3393
H 1347
Native Sage M 4015
W 1831
E 1550
C 5477
H 2480
Native Basil M 7185
w -
E 1433
C 8769
H -
Rivermint M 2658
w -
E 186
C 8254
H -
NC -
PC 186

Values indicate the mean LCso for triplicate determinations. - indicates that
ICsovalues were not achieved as inhibition did not exceed 50 % at any concentration
tested.

Phcog Commn, Vol 5, Issue 2, Apr-Jun, 2015

the symptoms of these diseases and/or alter the dis-
ease progression are not entirely effective and have been
associated with numerous adverse effects.® Furthermore,
many of the current treatments are aimed at treating the
symptoms without addressing the underlying causes and
pathogenic mechanisms. A better understanding of the
mechanisms for initiation and progression of the auto-
immune inflammatory diseases is important for devel-
oping new drugs to target specific processes and thus
more effectively treat autoimmune inflammatory diseases.
The studies reported here examined the ability of Aus-
tralian culinary herb extracts to block microbial triggers
of 2 autoimmune inflammatory disorders (Proteus spp.:
rheumatoid arthritis; K. prenmonia: ankylosing spondylitis).
Several species were identified displaying potent inhibi-
tion against these bacteria. Particularly noteworthy, the
river mint ethyl acetate extract was identified as a potent
inhibitor of K. pneumonia growth.

A high antioxidant capacity has been postulated as being
responsible for the medicinal properties of many plants.**
In particular, antioxidants have been linked to antibacte-
rial, antifungal and antiviral activities, as well as anticancer
properties.* However, other studies have indicated that
antioxidants may protect cells from oxidative stress and
thus protect against cell death.’™ Whilst those studies
examined the effects of antioxidants on eukaryotic cells,
it is possible that antioxidants may have a similar pro-
tective effect against bacterial cell death. Notably, many
of the extracts which displayed potent inhibitory activ-
ity against the bacterial triggers of rheumatoid arthritis
and ankylosing spondylitis had low antioxidant capacities,
whilst there was a trend for lower efficacy for the high
antioxidant extracts. River mint ethyl acetate extract (0.7
ug ascorbic acid equivalence) was a potent inhibitor of
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P. vulgaris and K. pnenmoniae. In comparison, the methanol
extract (10.6 ug ascorbic acid equivalence) did not inhibit
K. pnenmoniae at all and only inhibited P. vulgaris at high
concentrations. Likewise, the native thyme hexane extract
(antioxidant capacity below the threshold of detection)
inhibited of the growth of all Proteus strains at sub-
stantially lower concentrations than the high antioxidant
methanolic extract (11.1 pg ascorbic acid equivalence).
Our findings also indicate that only the river mint ethyl
acetate extract displayed toxicity towards Artemia francis-
cana (LC50 186 pg/mL). All other extracts wete nontoxic.
Indeed, all other extracts had LC, values well in excess of
1000 pug/ml.

The phytochemicals responsible for the inhibitory activity
of these extracts were not determined in this study. How-
ever, alkaloids, anthraquinones, flavonoids, polyphenolics,
phytosterols, saponins, stilbenes and terpenes have been
linked with anti-bacterial activity in different plant species
and thus may be responsible (at least in part) for the bac-
terial growth inhibitory activities reported here. Several
terpenoids have also been reported to suppress NF-xB
signaling (the major regulator of inflammatory diseases).”
The monoterpenes limonene™* and o-pinene® have been
reported to inhibit NF-»B signaling pathways. a-Pinene
affects inflammation by inhibiting p65 translocation into
the nucleus in LPS-induced NF-xB signalling” Fur-
thermore, many other sesquiterpenes and sesquiterpene
lactones also have well established anti-inflammatory
activities.” Whilst much work is still needed to characterize
the mechanisms of action of these compounds, it appears
that NF-»B inhibitory activities may be responsible.

Whilst these studies have demonstrated the potential of
several hetbs to treat autoimmune disease, much more
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work is required. This study has only tested these extracts
against some microbial triggers of 2 autoimmune diseases
(theumatoid arthritis and ankylosing spondylitis). The
microbial triggers for several other autoimmune inflam-
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CONCLUSION

The results of this study demonstrate the potential Aus-
tralian culinary herb extracts to block the growth of
bacterial species associated with the onset of rheuma-
toid arthritis and ankylosing spondylitis. Further studies
aimed at the purification and identification of the bioac-
tive components is needed to examine the mechanisms of
action of these agents.
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