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ABSTRACT
Background: Curcumin, lupeol and piperine are phytochemical constituents 
of multiple plants that are used traditionally to treat inflammation, including 
for treating autoimmune inflammatory diseases. Despite this, relatively 
few studies have examined the ability of these compounds to inhibit 
the etiological events of these diseases by examining their ability to 
inhibit their bacterial triggers. Methods: The ability of curcumin, lupeol 
and piperine to inhibit the growth of some bacterial triggers of selected 
autoimmune inflammatory diseases was screened using disc diffusion 
assays and quantified by liquid dilution MIC assays. The ΣFIC of the pure 
plant compound/conventional antibiotic combinations was determined and 
used to classify the class of interaction. Toxicity was evaluated using the 
Artemia nauplii cytotoxicity assay. Results: Curcumin, lupeol and piperine 
strongly inhibited the growth of several bacterial triggers of autoimmune 
diseases, with MIC values as low as 178 µg/mL against some bacteria. 
Furthermore, combining these compounds with conventional antibiotics 
resulted in significant potentiation of the inhibitory activity for some 
combinations, with one synergistic and nineteen additive combinations 
detected. Notably, three antagonistic combinations were also noted. None 

of the individual components (nor the combinations) were significantly toxic 
in the ALA toxicity assay. Conclusion: Curcumin, lupeol and piperine inhibit 
the growth of some bacterial triggers of rheumatoid arthritis, ankylosing 
spondylitis, multiple sclerosis and rheumatic fever. Additionally, these 
compounds substantially potentiated the effects of some conventional 
antibiotics against these bacteria. Further in vivo studies to determine the 
anti-inflammatory and antibacterial mechanisms are warranted.
Key words: Curcumin, Lupeol, Piperine, Antibacterial activity, Synergy, 
Rheumatoid arthritis, Ankylosing spondylitis, Multiple sclerosis.
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Curcumin, Lupeol and Piperine Inhibit the Bacterial Triggers of 
some Autoimmune Inflammatory Diseases and Potentiate the 
Activity of Conventional Antibiotics

INTRODUCTION
There are currently no effective widely available cures for the 
autoimmune inflammatory diseases rheumatoid arthritis, ankylosing 
spondylitis, multiple sclerosis and rheumatic fever.1,2 Instead, the current 
treatment modality aims to alleviate the symptoms of these diseases by 
administering anti-inflammatory drugs (particularly non-steroidal anti-
inflammatory drugs (NSAIDs)) and analgesics. Whilst this approach 
increases the patient’s comfort whilst their immune system overcomes 
the cause of the illness, it does not significantly alter the progression 
of the disease, nor does it mitigate autoimmune damage to self-tissue. 
Furthermore, prolonged anti-inflammatory and/or analgesic drug usage 
induces toxicity and is associated with numerous negative side effects.3 
For example, prolonged usage of cyclooxygenase-2 (COX-2) inhibitory 
NSAIDs increases the risk of myocardial infarction.4 Novel therapeutic 
chemotherapeutics that not only down-regulate the inflammatory 
related symptoms of the disease, but also target their etiology, may be 
substantially more effective in treating these diseases and may allow for 
prevention through prophylactic usage. This may protect genetically 
susceptible people from tissue damage, as well as substantially decreasing 
the later phase inflammatory symptoms of autoimmune diseases.
Autoimmune inflammatory diseases occur when exposure of the host’s 
immune system to specific antigens stimulates the production of self-
reactive antibodies.1,2,5 Some autoimmune inflammatory diseases may 
be triggered by environmental and dietary stimuli,1 although others are 
triggered by bacterial pathogens. Targeting these autoimmune antigenic 
triggers in genetically susceptible people may block the etiology of 
the disease, as well as preventing the downstream immunological 
and inflamatory events of thes diseases. Interestingly, many of the 
antigenic triggers of autoimmune inflammatory diseases have been 

identified via serotyping and genotyping studies, allowing for the the 
development of novel chemotherapies targeting the diseases’ etiology.1 
It is well established that Proteus mirabilis can trigger rheumatoid 
arthritis in genetically susceptible people,6 Klebsiella pneumoniae may 
trigger ankylosing spondylitis,7 Acinetobacter baylyi and Pseudomonas 
aeruginosa infections can trigger multiple sclerosis in genetically 
susceptible people,8 and Streptococcus pyogenes can induce rheumatic 
fever.9

An examination of plant-based therapies and traditional medicines 
may highlight promising leads for the treatment of inflammation and 
autoimmune inflammatory diseases as plants have long been used to 
treat both inflammation and pathogenic diseases.1,10 Furthermore, 
previous research has already identified and characterised multiple 
phytochemicals with therapeutic properties relevant to to treatment 
of autoimmune diseases. Whilst multiple molecular targets have been 
identified, several compounds are particularly interesting due to their 
ability to which target different aspects of complex inflammatory 
diseases via different mechanisms. Curcumin (Figure 1a) is isolated from 
Curcuma longa L. rhizome and is commonly known as turmeric. It is 
particularly promising for the treatment of autoimmune diseases as it 
modulates multiple cellular processes relevant to human health. The anti-
inflammatory activity of curcumin (and turmeric) has been extensively 
reported and is summarised in detail elsewhere.11 In particular, curcumin 
can decrease cellular oxidative stress via scavenging reactive oxygen 
(ROS) and reactive nitrogen species (RNS),12 as well as modulating the 
activity of GSH, catalase and superoxide dismutase (SOD).13,14 Curcumin 
also inhibits TNF-α stimulation of NF-κB activity.15 It also inhibits 
multiple other pro-inflammatory mechanisms.11 Additionally, curcumin 



Puisais and Cock.: Antibacterial Activity of Curcumin, Lupeol and Piperine

66� Pharmacognosy Communications, Vol 12, Issue 2, Apr-Jun, 2022

(and turmeric) has significant inhibitory activity against multiple 
bacterial pathogens.16 Aqueous turmeric rhizome extracts have strong 
antibacterial activity (MIC 16-128 μg/mL) against multiple bacteria 
including Klebsiella pneumoniae.17-19 Similarly, pure curcumin inhibits 
the growth of multiple bacteria, including Pseudomonas aeruginosa20 
and methicillin-resistant Staphylococcus aureus (MRSA), with MICs  
125-250 μg/mL.21 However, the ability of curcumin and turmeric to 
inhibit the growth of many other bacteria (including many bacterial 
triggers of autoimmune diseases) is yet to be verified. Furthermore, 
few studies have examined the potential of curcumin and turmeric to 
potentiate the activity of conventional antibiotics.
The pentacyclic triterpenoid lupeol (Figure 1b) also has potential for the 
treatment of autoimmune inflammatory diseases.22 Lupeol administration 
significantly decreases prostaglandin E2 (PGE2) production in A23187-
stimulated macrophages via inhibition of cyclooxygenase activity.23,24 
Lupeol suppresses macrophage phagocytosis activity and suppresses  
T cell mediated cytokine production,25 as well as decreasing the 
production of the pro-inflammatory cytokines TNF-α and IL-β in 
stimulated macrophages.23 It also inhibits the release of IL-4, IL-5 and  
IL-13 in an asthmatic mouse model.26 Other studies have screened 
lupeol for antibacterial activity, although there are significant differences 
between the different studies. Lupeol has been reported to inhibit the 
growth of Escherichia coli, P. aeruginosa and S. aureus, with MICs of 250 μg/
mL.27 Another study reported that P. aeruginosa and K. pneumoniae are 
susceptible to lupeol.28 However, that study only tested single, relatively 
high concentrations of lupeol. MIC values were not determined, making 
comparisons with other studies impossible. In contrast, multiple other 
studies have reported that lupeol was ineffective against other bacterial 
pathogens including Mycobacterium tuberculosis.29 Substantial further 
work is required to confirm and quantify the antibacterial properties of 
lupeol.
Multiple studies have also highlighted the therapeutic properties of 
piperine (Figure 1c; a component of Piper nigrum L.) and these have 
been reviewed extensively elsewhere.30 Zhai et al. examined its anti-
inflammatory properties and reported that priperine inhibits the 
production of the transcription factor NF-κB, thereby modulating the 
release of numerous cytokines.31 Indeed, significant reductions in the 
release of the pro-inflammatory cytokines TNF-α, IL-1β31,32 and IL-6, as 
well as increases in anti-inflammatory cytokines, including IL-10 were 
noted.31 Additionally, piperine also inhibits cellular signalling pathways 
via inhibiting MAPK, ERK, and JNK, as well as reducing the expression 
of toll-like receptor proteins TLR-2 and TLR-4.31 Therefore, piperine may 
be useful in alleviating the downstream inflammatory symptoms of the 
autoimmune inflammatory diseases. Furthermore, piperine may inhibit 
the etiology of some autoimmune diseases by inhibiting their bacterial 
triggers. Indeed, several studies have reported substantial bacterial 

growth inhibitory activity for piperine against a variety of bacterial 
pathogens. Piperine induces proliferation of B and T cells and enhances 
macrophage activation in mice exposed to M. tuberculosis.33 Piperine also 
directly inhibits the growth of some bacteria, including Bacillus cereus, 
Enterococcus faecalis, Staphylococcus zylosus, Staphylococcus arreus, 
Staphylococcus epidermidis, Escherichia coli, Klebsiella pneumonia and 
Salmonella enterica.34 Despite these earlier studies, the growth inhibitory 
properties of curcumin, lupeol and piperine have not been extensively 
tested against the bacterial triggers of rheumatoid arthritis, ankylosing 
spondylitis, multiple sclerosis or rheumatic fever. This study aimed to 
address this gap in the literature by quantifying the antibacterial activity 
of these compounds against Proteus mirabilis. Klebsiella pneumoniae, 
Acinitobacter baylyi, Pseudomonas aeruginosa and Streptococcus 
pyogenes. Furthermore, this study also examines the effects of curcumin, 
lupeol and piperine in combination with some conventional antibiotics 
against those bacteria.

MATERIALS AND METHODS
Plant test compounds
Curcumin, lupeol and piperine (AR grade) were purchased from Sigma, 
Australia and dissolved in 5% DMSO (AR grade; Chem-Supply, Australia) 
to give a stock concentration of 1 mg/mL and stored as aliquots at -30°C. 

Antibacterial analysis
Conventional Antibiotics
Chloramphenicol (≥98 % purity by HPLC), ciprofloxacin ((≥98 % purity 
by HPLC), erythromycin (potency ≥850 µg/mg), gentamicin (potency of 
600 µg/mg), penicillin-G (potency of 1440-1680 µg/mg), and tetracycline 
(≥95% purity by HPLC) were purchased from Sigma-Aldrich, Australia 
and used for the microplate liquid dilution assay. All antibiotics were 
prepared in sterile deionised water at stock concentrations of 0.01 mg/mL 
and stored at 4°C until use. Standard discs of ampicillin (10 µg) and 
chloramphenicol (10 µg) were obtained from Oxoid Ltd., Australia and 
used as positive controls in the disc diffusion susceptibility assays.

Bacterial cultures
All of the bacterial strains tested in this study were included because they 
can trigger autoimmune inflammatory diseases in genetically susceptible 
individuals.1,2 Reference strains of Proteus mirabilis (ATCC21721), 
Klebsiella pneumoniae (ATCC31488), Acinetobacter baylyi (ATCC33304), 
Pseudomonas aeruginosa (ATCC39324) and Streptococcus pyogenes 
(ATCC12384) were purchased from American Type Culture Collection, 
USA. All bacteria were cultured in nutrient broth (Oxoid Ltd., Australia). 
Streak nutrient agar (Oxoid Ltd., Australia) plates were tested in parallel 
to ensure the purity of all bacterial cultures and for sub-culturing. All 
bacterial cultures were incubated at 37°C for 24 hr and were sub-cultured 
and maintained in nutrient broth at 4°C until use. 

Evaluation of bacterial susceptibility to growth 
inhibition
The susceptibility of the bacteria to the plant compounds and the 
conventional antibiotics was assessed undiluted using modified disc 
diffusion assays.35 Ampicillin (10 µg) and chloramphenicol discs (10 µg) 
were obtained from Oxoid Ltd., Australia and used as positive controls to 
compare antibacterial activity. Filter discs infused with 10 µL of distilled 
water were used as a negative control.

Minimum inhibitory concentration (MIC) determination
The antibacterial activity of the plant compounds and the conventional 
antimicrobials (both independently and in combinations) was quantified 

Figure 1: Structures of (a) curcumin (keto form), (b) lupeol, and  
(c) piperine.
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using standard liquid dilution MIC assays.36 Briefly, to test the individual 
compounds separately, 100 μL of sterilized distilled water was dispensed 
into each well of 96 well micro-titre plate. The plant compounds or the 
conventional antibiotics (100 μL) were then dispensed into separate wells 
of the first row of the plate. Nutrient broth (negative control), a sterile 
control (media without bacteria) and a sample-free culture control (to 
ensure the media was capable of supporting microbial growth) were also 
included on all plates to verify correct assay function. Following sample 
addition, each test was serially diluted down each column of the plate 
using doubling serial dilution. A 100 µL volume of bacterial culture 
(containing approximately 1x106 colony forming units (CFU)/mL) was 
added to all wells of the plate (excluding the sterile control wells). All 
plates were then incubated at 37°C for 24 hr. p-Iodonitrotetrazolium 
violet (INT) (Sigma-Aldrich, Australia) was dissolved in sterile 
deionised water to prepare a 0.2 mg/mL INT stock solution. A 40 µL 
volume of this stock solution was added into all wells and the plates were 
incubated for 6 hr at 30°C to allow full colour development. The MIC 
was visually determined as the lowest dose at which colour development 
was completely inhibited.

Extract-conventional antibiotic interaction studies: ΣFIC 
assessment
The effect of the plant compounds in combination with the conventional 
antibiotics was further classified by sum of the fractional inhibitory 
concentration (∑FIC) analysis. The FIC was calculated using the 
following equation, where (a) represents the conventional antibiotic and 
(b) represents the plant compound:37,38

(i) MIC (a) in combination with (b)
FIC

MIC (a) independently
=

(ii) MIC (b) in combination with (a)
FIC

MIC (b) independently
=

The ∑FIC was calculated by: ∑FIC = FIC(i) + FIC(ii). The combinational 
effects were classified as synergistic for ∑FIC values of ≤ 0.5, additive  
(> 0.5 – 1.0), indifferent (> 1.0 – ≤ 4.0) or antagonistic (> 4.0).38,39 

Toxicity screening
The toxicity of the plant compounds, conventional antibiotics and 
reference toxin were assessed using a standardised Artemia franciscana 
nauplii lethality assay (ALA).39 Potassium dichromate (K2Cr2O7) (AR grade, 
Chem-Supply, Australia) was prepared in deionised water (4 mg/mL) and 
serially diluted in artificial seawater as a reference toxin. The mortality 
induction of all tests and controls was assessed following 24 hr exposure 
and is espressed as a % of the untreated control. The LC50 for each 
treatment was calculated using Probit analysis.

Statistical analysis
Data is expressed as the mean ± SEM of least three independent 
experiments, each with internal triplicates (n=9). One-way ANOVA was 
used to calculate statistical significance between the negative control and 
treated groups, with a P<0.01 considered to be statistically significant.

RESULTS
Bacterial growth inhibition screening
Proteus mirabilis growth was particularly susceptible to curcumin, 
lupeol and piperine, with ZOIs of 8-8.4 mm (Figure 2). The inhibition 
by these compounds in noteworthy as it is similar to the ZOIs produced 
by ampicillin and tetracycline (8 and 8.2 mm respectively). In contrast, 

Figure 2: Antibacterial activity of the pure compounds against P. mirabilis 
(ATCC21721) measured as zones of inhibition (mm). Cur = curcumin;  
Lup = lupeol; Pip = piperine; Amp = ampicillin (10 μg); Chl = chloramphenicol 
(10 μg); Tet = tetracycline (10 μg); NC = negative control (nutrient broth). 
Results are expressed as mean zones of inhibition of three replicates, each 
with internal triplicated (n=9)± SEM * indicates results that are significantly 
different to the negative control (P<0.01).

Figure 3: Antibacterial activity of the pure compounds against  
K. pneumoniae (ATCC31488) measured as zones of inhibition (mm).  
Cur = curcumin; Lup = lupeol; Pip = piperine; Amp = ampicillin (10 μg); 
Chl = chloramphenicol (10 μg); Tet = tetracycline (10 μg); NC = negative 
control (nutrient broth). Results are expressed as mean zones of inhibition 
of three replicates, each with internal triplicated (n=9)± SEM * indicates 
results that are significantly different to the negative control (P<0.01).

the P. mirabilis strain tested in this study was highly susceptible to 
chloramphenicol, with a ZOI of 14.3 mm. The pure plant compounds 
also strongly inhibited the growth of K. pneumoniae, with ZOIs of 
approximately 8.2 mm (Figure 3) The notable growth inhibitory activity 
of the pure plant compounds against P. mirabilis (a bacterial trigger 
of rheumatoid arthritis) and K. pneumoniae (a trigger of ankylosing 
spondylitis) indicates that they have potential for use in the prevention 
and treatment of these diseases, as well as other diseases caused by these 
pathogens.
All of the pure plant compounds also inhibited of the growth of  
A. baylyi (a bacterial trigger of multiple sclerosis in genetically susceptible 
people), albeit with substantially smaller ZOIs (6.7, 6.4 and 7 mm for 
curcumin, lupeol and piperine respectively) (Figure 4). This bacterial 
strain was also found to be relatively resistant to the ampicillin control 
(ZOI = 7.8 mm), although the chloramphenicol and tetracycline controls 
produced relatively large ZOIs (9.2 and 10.4 mm respectively). The pure 
plant compounds also inhibited the growth of another bacterial trigger 
of multiple sclerosis, P. aeruginosa (Figure 5), albeit with small ZOIs  
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(6.9, 6.6 and 7.5 mm for curcumin, lupeol and piperine respectively). 
However, despite the relatively small ZOIs, this inhibition is still 
noteworthy as the P. aeruginosa strain tested in this study was completely 
resistant to both the ampicillin and tetracycline controls (as judged by 
ZOI), although it was highly susceptible to the chloramphenicol control 
(13.6 mm). These susceptibilities indicate that curcumin, lupeol and 
piperine are effective inhibitors of both bacterial triggers of multiple 
sclerosis. 
Curcumin, lupeol and piperine were also moderate inhibitors of  
S. pyogenes growth (Figure 6), with ZOIs of 7.8, 6.9 and 8.6 mm measured 
respectively. Interestingly, this S. pyogenes strain was completely resistant 
to chloramphenicol, yet susceptible to ampicillin and tetracycline (ZOIs 
of 8 and 10.4 mm respectively). Thus, curcumin, lupeol and piperine 
may be useful for preventing and treating rheumatic fever, even against 
antibiotic resistant S. pyogenes strains, as well as treating a range of 
other illnesses also caused by this S. pyogenes infections (including 
streptococcal pharyngitis and impetigo).

Quantification of minimum inhibitory concentration (MIC)
The relative level of antimicrobial activity was further evaluated by 
determining the MIC values using liquid dilution MIC assays (Table 1).  
For the pure control antibiotic compounds included in this study, 
MIC values >1 μg/mL have been defined as indicating resistance,36-38 
and therefore the MICs of the pure antibiotics was determined in μg/mL  
concentrations. For consistency (and to allow comparison), the 
concentrations of all pure plant compounds are also reported in μg/mL  
format in the table. However, we have also provided the MICs as μM 
concentrations to allow for a more meaningful comparison with the 
reported activity of other pure compounds in previous studies. Consistent 
with the antibacterial screening assays, all of the pure plant compounds 
inhibited the growth of each of the bacteria tested. In general, piperine 
was the most potent inhibitor of the bacterial strains tested, with 
MIC values of 178, 268, 356, 356 and 356 μg/mL against P. mirabilis, 
K. pneumoniae, A. baylyi, P. aeruginosa and S. pyogenes respectively. 
Curcumin and lupeol were also good inhibitors of the growth of all of 
the bacterial strains tested, with similar, albeit slightly lower potency 
than determined for piperine. The conventional antibiotics also inhibited 
the growth of all bacteria tested. However, MIC values >1 μg/mL have 
previously been defined as indicative of resistance in this assay.36 As the 
MIC values determined for all bacteria using penicillin, chloramphenicol 
and erythromycin are >1 μg/mL, all of these bacterial strains were 
resistant to these antibiotics. Similarly, the A. baylyi, P. aeruginosa and  
S. pyogenes strains tested in our study were resistant to tetracycline, whilst 
P. mirabilis and K. pneumoniae were tetracycline sensitive. Gentamicin 
and ciprofloxacin were the most effective antibiotics against these 
bacteria (as judged by its MIC), with four of the five bacterial pathogens 
susceptible to each of these antibiotics. 

Combinational effects: Fractional inhibitory 
concentration (FIC) assessment
Of the eighteen pure plant compound and conventional antibiotic 
combinations tested against P. mirabilis, the majority (14 combinations) 
were non-interactive (Table 2). Whilst no added benefit would be gained 
from combining these compounds with the conventional antibiotics 
against P. mirabilis, the combinations would be safe to use without 
compromising the activity of either component. This is important as many 
patients use conventional and traditional therapies concurrently, often 

Figure 4: Antibacterial activity of the pure compounds against A. baylyi 
(ATCC33304) measured as zones of inhibition (mm). Cur = curcumin;  
Lup = lupeol; Pip = piperine; Amp = ampicillin (10 μg); Chl = chloramphenicol 
(10 μg); Tet = tetracycline (10 μg); NC = negative control (nutrient broth). 
Results are expressed as mean zones of inhibition of three replicates, each 
with internal triplicated (n=9)± SEM * indicates results that are significantly 
different to the negative control (P<0.01).

Figure 5: Antibacterial activity of the pure compounds against  
P. aeruginosa (ATCC: 39324) measured as zones of inhibition (mm).  
Cur = curcumin; Lup = lupeol; Pip = piperine; Amp = ampicillin (10 μg); Chl 
= chloramphenicol (10 μg); Tet = tetracycline (10 μg); NC = negative control 
(nutrient broth). Results are expressed as mean zones of inhibition of three 
replicates, each with internal triplicated (n=9)± SEM * indicates results that 
are significantly different to the negative control (P<0.01).

Figure 6: Antibacterial activity of the pure compounds against)  
S. pyogenes (ATCC12384) measured as zones of inhibition (mm).  
Cur = curcumin; Lup = lupeol; Pip = piperine; Amp = ampicillin (10 μg); Chl 
= chloramphenicol (10 μg); Tet = tetracycline (10 μg); NC = negative control 
(nutrient broth). Results are expressed as mean zones of inhibition of three 
replicates, each with internal triplicated (n=9)± SEM * indicates results that 
are significantly different to the negative control (P<0.01).
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Table 1: MIC values of the pure compounds expressed in μM and µg/mL units against some microbial triggers of some auto-immune inflammatory 
diseases.

Bacterial Species Cur Lup Pip
Controls

Pen Chlor Eryth Tet Gent Cip

P. mirabilis  
346 (μg/mL) 266 (μg/mL) 178 (μg/mL) 1.25 (μg/mL) 3.3 (μg/mL) 2.5 (μg/mL) 0.63 (μg/mL) 1.25 (μg/mL) 0.63 (μg/mL)

940 (μM) 625 (μM) 625 (μM) 3.7 (μM) 10.2 (μM) 3.4 (μM) 1.4 (μM) 2.6 (μM) 1.9 (μM)

K. pneumoniae  
346 (μg/mL) 400 (μg/mL) 268 (μg/mL) 2.5 (μg/mL) 2.5 (μg/mL) 1.25 (μg/mL) 0.3 (μg/mL) 0.31 (μg/mL) 0.63 (μg/mL)

940 (μM) 940 (μM) 940 (μM) 7.5 (μM) 7.7 (μM) 1.7 (μM) 0.7 (μM) 0.6 (μM) 1.9 (μM)

A. baylyi   
460 (μg/mL) 533 (μg/mL) 356 (μg/mL) 2.5 (μg/mL) 2.5 (μg/mL) 1.25 (μg/mL) 1.25 (μg/mL) 0.31 (μg/mL) 0.63 (μg/mL)

1250 (μM) 1250 (μM) 1250 (μM) 7.5 (μM) 7.7 (μM) 1.7 (μM) 2.8 (μM) 0.6 (μM) 1.9 (μM)

P. aeruginosa 
699 (μg/mL) 809 (μg/mL) 356 (μg/mL) 1.25 (μg/mL) 1.25 (μg/mL) 1.25 (μg/mL) 1.25 (μg/mL) 0.63 (μg/mL) 1.25 (μg/mL)

1900 (μM) 1900 (μM) 1250 (μM) 3.7 (μM) 3.9 (μM) 1.7 (μM) 2.8 (μM) 1.2 (μM) 3.8 (μM)

S. pyogenes 
346 (μg/mL) 533 (μg/mL) 356 (μg/mL) 3.3 (μg/mL) 2.5 (μg/mL) 3.3 (μg/mL) 2.5 (μg/mL) 0.63 (μg/mL) 0.63 (μg/mL)

940 (μM) 1250 (μM) 1250 (μM) 9.9 (μM) 7.7 (μM) 4.5 (μM) 5.6 (μM) 1.2 (μM) 1.9 (μM)

Cur = curcumin; Lup = lupeol; Pip = piperine; Pen = penicillin-G; Chlor = chloramphenicol; Eryth = erythromycin; Tet = tetracycline; Gent = gentamycin;  
Cip = ciprofloxacin. - indicates no inhibition at any dose tested.

Table 2: Combinational effects determined as ∑FIC values for the plant compound - conventional antibiotic combinations, against some bacterial triggers of 
selected autoimmune inflammatory diseases.

Bacterial Species Test Compound
Antibiotics

Pen Chlor Eryth Tet Gent Cip

P.
 m

ira
bi

lis

Curcumin
1.64 1 1.06 1.26 2.37 1.2

(IND) (ADD) (IND) (IND) (IND) (IND)

Lupeol
1.58 1 0.76 1.56 2.15 1.12

(IND) (ADD) (ADD) (ADD) (IND) (IND)

Piperine
1.55 1.41 0.56 1.56 1.96 1.25

(IND) (IND) (ADD) (ADD) (IND) (IND)

K
. p

ne
um

on
ia

e Curcumin
2.2 1.5 4.5 0.56 1.38 1.42

(IND) (IND) (ANT) (ADD) (IND) (IND)

Lupeol
2.58 1.91 6.16 0.83 1.45 1.22

(IND) (IND) (ANT) (ADD) (IND) (IND)

Piperine
2.36 1.21 3.33 0.54 1.13 0.71

(IND) (IND) (IND) (ADD) (IND) (ADD)

A
. b

ay
ly

i

Curcumin
3.22 0.75 1.13 4.12 3.32 2.84

(IND) (ADD) (IND) (ANT) (IND) (IND)

Lupeol
2.1 0.71 0.65 1.44 3.04 2.55

(IND) (ADD) (ADD) (IND) (IND) (IND)

Piperine
2.94 1.1 2.5 2.87 2.76 2.84

(IND) (IND) (IND) (IND) (IND) (IND)

P.
 a

er
ug

in
os

a

Curcumin
1.27 0.88 0.75 1.06 1.52 1.01

(IND) (ADD) (ADD) (IND) (IND) (IND)

Lupeol
1.1 1.13 1.03 1.03 1.47 0.71

(IND) (IND) (IND) (IND) (IND) (ADD)

Piperine
1.57 0.63 1.06 1.06 1.3 1.42

(IND) (ADD) (IND) (IND) (IND) (IND)

S.
 p

yo
ge

ne
s

Curcumin
1.7 0.84 1.18 1.02 2.16 1.83

(IND) (ADD) (IND) (IND) (IND) (IND)

Lupeol
1.49 0.68 0.77 0.37 3.63 1.44

(IND) (ADD) (ADD) (SYN) (IND) (IND)

Piperine
1.66 1.07 1.16 0.73 2.48 1.88

(IND) (IND) (IND) (ADD (IND) (IND)

Pen = penicillin-G; Chlor = chloramphenicol; Eryth = erythromycin; Tetracycline = tetracycline; Gent = gentamycine; Cip = ciprofloxacin; SYN = synergistic interaction; 
ADD = additive interaction; IND = indifferent interaction; ANT = antagonistic interaction.
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Toxicity studies
All of the plant compounds and conventional antibiotics were 
individually screened in the Artemia lethality assay (ALA) in 200 μg/mL  
concentrations. The compounds were only considered toxic if they 
induced percentage mortalities greater than 50 % (LD50) following 24 hr  
of exposure to the Artemia nauplii.39 When tested individually, the 
conventional antibiotics were non-toxic (Table 3). Similarly, none of the 
pure plant compounds induced mortality significantly different to that 
of the negative control. When tested together in the ALA, none of the 
extract-antibiotic combinations produced significantly higher mortality 
than the negative controls. Furthermore, no individual components 
or combinations induced >50 % mortality in the ALA. Therefore, all 
combinations and individual components were deemed nontoxic. In 
contrast, the positive control potassium dichromate induced 100 % 
mortality in the ALA.

DISCUSSION
This study evaluated and quantified the growth inhibitory properties of 
curcumin, lupeol and piperine against some bacterial triggers of selected 
autoimmune inflammatory diseases (rheumatoid arthritis, ankylosing 
spondylitis, multiple sclerosis and rheumatic fever). There are currently 
no safe and effective cures for any of these diseases. Instead, current 
treatments aim to alleviate the inflammatory symptoms (heat, pain, 
swelling) and decrease the patient’s discomfort. Whilst these approaches 
may alleviate patient suffering, they do not block the development 
of further tissue damage. A more effective therapeutic approach to 
autoimmune diseases may be to not only directly target the alleviation 
of patients’ discomfort, but to also target the diseases’ etiology. Such 
an approach would not only treat the disease symptoms, but would 
allow for prevention of further bouts of the autoimmune inflammatory 
diseases. Interestingly, relatively few studies have focussed on preventing 
the disease etiology, although several recent studies have begun to 
examine these early-phase events.35,36,38 Our study focussed specifically 
on inhibiting the etiology of selected autoimmune diseases by inhibiting 
the growth of their bacterial triggers. Proteus mirabilis can induce the 
production of self-reactive antibodies in people genetically susceptible 
to rheumatoid arthritis.1 Klebsiella pneumoniae can induce ankylosing 
spondylitis, A. baylyi and P. aeruginosa can induce multiple sclerosis 
and S. pyogenes can induce rheumatic fever in genetically susceptible 
people.1,2 Curcumin, lupeol and piperine each inhibited the growth of 
all of these bacteria, often with clinically relevant potency (MIC values 
<1000 μg/mL). The activity of lupeol (266 μg/mL; 625 μM) and piperine 
(178 μg/mL; 625 μM) against P. mirabilis was particularly noteworthy. 
Whilst several previous studies have screened curcumin, lupeol and 
piperine for antibacterial activity, most studies have concentrated on 
other bacterial species.27-29,34 Notably, the MIC values determined in 
several of those studies correlate well with those determined in our 
study. Indeed, MIC values of 250 μg/mL were previously reported for 
lupeol E. coli, S. aureus and P. aeruginosa,27 compared to an MIC of  
356 μg/mL against P. aeruginosa in our study. Another study reported 
that K. pneumoniae and P. aeruginosa were susceptible to lupeol,28 but 
did nor determine MIC values making it difficult to compare with 
other studies. Similarly, another study determined an MIC of 1250 μg/mL  
for piperine when tested against K. pneumoniae,34 compared to an MIC 
of 400 μg/mL in our study. Notably, many of the other studies that 
screened these compounds for antibacterial activity screened a single, 
relatively high concentration. The situation for curcumin is less clear 
as many antibacterial studies have tested turmeric rhizome extracts 
(containing curcumin) against bacterial pathogens, rather than testing 
pure curcumin. Some of those studies have reported MIC values as low 
as 16 μg/mL against multiple bacteria, including K. pneumoniae.17-19 

without the knowledge of their medicinal practitioner. Notably, a further 
four combinations of plant coumpounds and conventional antibiotics 
produced additive effects against P. mirabilis. All of these combinations 
contained either chloramphenicol or erythromycin as the antibiotic 
component, indicating that the plant compounds may inhibit a common 
bacterial resistance mechanism that renders resistance against these 
antibiotics (possibly efflux pumps).40 As these combinations produce 
greater inhibitory activity than either the individual components, their 
use may be beneficial in the prevention and treatment of rheumatoid 
arthritis. No antagonistic interactions were noted against P. mirabilis, 
indicating all of these combinations are safe to use against this P. mirabilis 
strain without decreasing the efficacy of either component.
A variety of interactive effects were evident for the pure plant compound-
conventional antibiotic combinations against K. pneumoniae. As noted 
for P. mirabilis, the majority (twelve) of the combinations were non-
interactive, verifying that they would be safe to use in combination 
against K. pneumoniae without compromising the activity of either 
component. Additive effects were noted for another four pure plant 
compound-conventional antibiotic combinations. Notably, the 
majority of these combinations contained tetracycline as the antibiotic 
component. As bacterial resistance to tetracycline is most frequently due 
to bacterial expression of efflux pumps,39-42 curcumin, lupeol and piperine 
may have tetracycline efflux pump inhibitory activity. However, this 
needs to be verified in future studies. Notably, two combinations (both 
containing erythromycin as the conventional antibiotic component) 
produced antagonistic results, indicating that combinations containing 
erythromycin should be avoided for the treatment of K. pneumoniae 
infections.
Three additive interactions were also noted for combinations of the 
pure plant compounds and the conventional antibiotics against  
A. baylyi. Additionally, four additive interactions were detected against  
P. aeruginosa. With the exception of the additive lupeol-ciprofloxacin 
combination against P. aeruginosa, all other additive interactions 
against A. baylyi and P. aeruginosa contained either chloramphenicol or 
erythromycin as the antibiotic component. As A. baylyi and P. aeruginosa 
are triggers of multiple sclerosis in genetically susceptible people, the 
use of these additive combinations may be beneficial in preventing and 
treating that disease. All other combinations were non-interactive and 
are therefore safe to use against these bacteria without compromising the 
activity of either component of the combination.
Interestingly, one synergistic interaction (lupeol and tetracycline) was 
detected against S. pyogenes. Additionally, four additive combinations 
were also detected against S. pyogenes. The majority of the potentiating 
combinations (both synergistic and additive) contained the lupeol 
as the phytochemical component of the combination, with either 
chloramphenicol, erythromycin or tetracycline as the antibiotic 
component. Notably, sterol compounds like lupeol insert into cell 
membranes, thereby altering membrane fluidity and affecting the 
structures of membrane protein.43 It is therefore possible that lupeol may 
increase intracellular antibiotic concentrations in S. pyogenes, either by 
increasing bacterial antibody uptake, or by decreasing bacterial efflux 
mechanisms. As additive and synergistic combinations provide enhanced 
antibacterial activity compared to the individual components, the use of 
these combinations may be useful in the prevention and treatment of 
rheumatic fever (and other diseases caused by S. pyogenes infections). 
All other combinations were non-interactive. Whilst these combinations 
may have no additional benefit compared to that of the individual 
components, they would not reduce each other’s effects. No antagonistic 
interactions were noted against S. pyogenes, indicating that all of these 
combinations are safe to use against this bacterium without decreasing 
the efficacy of either the phytochemical or antibiotic components.
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Table 3: Mortality (%) for curcumin, lupeol, piperine, and conventional 
antibiotics tested individually and as combinations in the ALA assay.

Test compound or 
combination

ALA Mortality ± SEM (%) a

After 24 hrs: After 48 hrs:

Negative 
control Artificial seawater 3.9 ± 2.1 9.2 ± 3.4

Antimicrobials

Penicillin G 1.8 ± 1.4 4.3 ± 2.4

Chloranphenicol 2.7 ± 1.3 5.6 ± 3.3

Erythromycin 1.2 ± 0.6 5.8 ± 2.3

Tetracycline 2.4 ± 1.5 5.1 ± 2.8

Gentamicin 3.1 ± 1.8 6.7 ± 2.6

Ciprofloxacin 4.4 ± 2.6 8.3 ± 3.2

Extracts

Curcumin 5.8 ± 3.3 20.6 ± 3.5

Lupeol 6.7 ± 2.9 25.2 ± 4.4

Piperine 4.9 ± 1.9 17.6 ± 2.7

Combinations

Curcumin + Penicillin G 6.7 ± 2.2 19.3 ± 3.6

Curcumin + 
Chloramphenicol 6.3 ± 3.5 21.2 ± 3.8

Curcumin + 
Erythromycin 4.8 ± 2.9 17.5 ± 3.1

Curcumin + Tetracycline 5.9 ± 2 19.3 ± 3.5

Curcumin + Gentamicin 7.7 ± 3.2 25.8 ± 3.4

Curcumin + 
Ciprofloxacin 8.8 ± 3.7 32.4 ± 4

Lupeol + Penicillin G 8.3 ± 3.6 24.6 ± 4.2

Lupeol + 
Chloramphenicol 7.2 ± 3.4 19.7 ± 3.6

Lupeol + Erythromycin 6.8 ± 2.6 20.7 ± 2.4

Lupeol + Tetracycline 7.4 ± 2.3 22.5 ± 2.7

Lupeol + Gentamicin 10.5 ± 3.4 29.2 ± 3.8

Lupeol + Ciprofloxacin 13.4 ± 3.7 37.8 ± 3.6

Piperine + Penicillin G 6 ± 2.5 18.8 ± 3.2

Piperine + 
Chloramphenicol 5.4 ± 3 16.6 ± 3.8

Piperine + Erythromycin 4.7 ± 2.9 13.7 ± 3.1

Piperine + Tetracycline 6.1 ± 3.2 15.5 ± 3.6

Piperine + Gentamicin 10.7 ± 3.7 22.5 ± 3.3

Piperine + Ciprofloxacin 14.9 ± 4.1 31.6 ± 3.7

Results represent means ± SEM of 3 independent experiments, each preformed 
in triplicate (n = 9).

Whilst this may indicate that curcumin has substantial activity against 
those pathogens, extracts are complex mixtures of compounds that may 
affect each other’s activity substantially.40 The presence of potentiating 
compounds in turmeric extracts may increase the potency of curcumin 
by several fold and substantially more work is required to quantify the 
effects of the pure compounds and to compare them with the properties 
of turmeric extracts. Indeed, sesquiterpenoid tumerone compounds in 
turmeric have been reported to increase curcumin bioavailability by 
increasing the permeability of curcumin in cell membranes, thereby 
increasing intracellular concentrations.44 The same study also reported 
that tumerones also enhance in vivo bioavailability by aiding transport 

to the target tissue. Therefore combinations of curcumin and tumerones 
may have substantially better antibacterial activity than curcumin alone, 
although this remains to be determined.
Whilst our study highlights the potential use of curcumin, lupeol 
and piperine to prevent some autoimmune diseases by inhibiting the 
growth of their bacterial triggers, it is noteworthy that the MIC values 
reported for these compounds is substantially higher than determined 
for the conventional antibiotic controls. For example, the MIC values 
determined for curcumin, lupeol and piperine ranged from 178 to  
346 μg/mL. In comparison, MIC values 0.3-2.5 μg/mL were determined 
for the antibiotic controls in our study, which is substantially more 
potent than the pure plant compounds. MIC values >1 μg/mL for the 
conventional antibiotics are deemed to indicate resistance to that 
antibiotic. Thus, whilst these compounds have therapeutic potential, 
their potency is still relatively low compared to that of the conventional 
antibiotics. Future studies are required to screen curcumin, lupeol and 
piperine against extended panels of bacterial strains with different 
antibiotic susceptibility/resistance profiles.
Additionally, the effects of curcumin, lupeol and piperine may be 
substantially less in vivo than reported in this, and other studies. 
Curcumin, lupeol and piperine are all relatively nonpolar, and therefore 
have low bioavailability.44-47 In addition to their low solubility, only 
low levels of these compounds are absorbed across the gastrointestinal 
lumen, and they are rapidly metabolised and eliminated.47 Therefore, to 
obtain therapeutic effects in vivo, substantially higher concentrations 
of these compounds may need be ingested orally to obtain clinically 
useful effects. Much recent work has focussed on methods of increasing 
bioavailability of these compounds, either by adulteration of the pure 
compound, or by using crude extracts instead of pure compounds. 
Alternatively, the use of combinations containing potentiators may allow 
relatively low levels of these compounds to have enhanced/clinically 
relevant effects. Substantial further work is needed in these areas.
The combinational studies reported in this report were perhaps more 
interesting and highlighted several combinations with potentiated 
antibacterial activity. Indeed, one synergistic and nineteen additive 
combinations were detected, including potentiation against antibiotic-
resistant bacterial strains. The implications of these potentiating 
combinations include enhanced efficacy and the requirement for lower 
doses, which may reduce side effects of the treatment.40 However, most of 
these combinations produced indifferent interactions and therefore may 
not have greater benefits than either component separately. However, 
these findings may alleviate concerns about the use of the two compounds 
concurrently without reducing the efficacy of the other therapy.
Our study only tested the potential of curcumin, lupeol and piperine 
to inhibit the etiology of some autoimmune diseases by blocking the 
bacterial triggers and does not directly test for anti-inflammatory 
effects. However, all of these compounds have previously been reported 
to have substantial anti-inflammatory effects via several mechanisms. 
Each of these compounds inhibit the production and/or release of  
pro-inflammatory cytokines, whilst upregulating the production of  
anti-inflammatory cytokines.11,15,23-26,31,32 Therefore, these compounds 
may be particularly useful in the prevention and treatment of rheumatoid 
arthritis, ankylosing spondylitis, multiple sclerosis and rheumatic fever 
as they block both the trigger events as well as the later phase effects. 
Further studies are required to determine whether these compounds also 
have beneficial effects towards other aspects of these diseases.
None of the plant compounds or conventional antibiotics were toxic 
when tested independently in the ALA toxicity assay. Similarly, all 
combinations were nontoxic in the ALA assay, indicating their potential 
for therapeutic use. However, in vitro toxicity studies using other human 
cell lines are required to verify the safety of these compounds prior to 
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clinical usage. Future studies should also use in vivo toxicity assays to 
confirm the safety of these compounds and combinations in complex 
biological systems.

CONCLUSION
Whilst the findings reported herein indicate the potential of curcumin, 
lupeol and piperine to inhibit the etiological events of rheumatoid 
arthritis, ankylosing spondylitis, multiple sclerosis and rheumatic fever, 
further in vivo investigations are required to support these in vitro 
findings. Furthermore, studies to determine the possible mechanism of 
action resulting in the observed interaction are warranted. Additionally, 
it is unknown whether these compounds can also affect other phases 
of the progession of these autoimmune diseases and further studies are 
required to test for these effects.
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PICTORIAL ABSTRACT SUMMARY

•	 Curcumin, lupeol and piperine were screened for growth 
inhibitory activity in the disc diffusion assay against 
bacterial triggers of some autoimmune diseases.

•	 The ability to inhibit the growth of some bacterial triggers of 
selected autoimmune inflammatory diseases was quantified 
by liquid dilution MIC assays. 

•	 The pure plant compounds were also tested in combination 
with conventional antibiotics to determine whether the 
extracts cold potentiate the antibiotic activity.

•	 Toxicity of the individual compounds and combinations 
was evaluated using the Artemia nauplii bioassay.
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