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Drug resistant tuberculosis remains one of the major challenges associated with
treatment and management of tuberculosis (TB) in the public health system and in clinical
settings. In 2020, the World Health Organization (WHO) estimated that about 186,772 people
died from drug-resistant tuberculosis out of the 500000 reported cases and this is alarming.
There is a pressing need from every angle in drug discovery to develop novel compounds that
could possess diverse mechanisms of action to tackle drug-resistant tuberculosis. The Crinum
asiaticum bulbs extract are used ethno medicinally to treat upper respiratory tract infections
and as well as wound healing agent. The aim of this work is to investigate the in-vitro anti-
tuberculosis effect of Crinum asiaticum bulbs extracts and to assess the inhibitory properties
against bacteria efflux pumps expression and biofilm formation. The results obtained showed
that the Crinum asiaticum bulbs extracts (CAE) were effective in inhibiting Mycobacterium
smegmatis (NCTC 8159) and Mycobacterium aurum (NCTC 10437) with minimum inhibitory
concentration (MIC) of 125 ug/ml and 250 ug/ml against M. smegmatis and M. aurum respectively.
The CAE markedly inhibited the efflux pumps of both M. smegmatis and M. aurum from
expressing with the chloroform extract producing the greatest inhibition. The CAE (ethanol,
methanol, chloroform and hexane) significantly (***p<0.005) inhibited M. smegmatis’ and
M. aurum’s biofilm formation in-vitro. Among the various extracts of Crinum asiaticum, the
chloroform extract exhibited the greatest inhibition against M. smegmatis and M. aurum biofilm
formation with significance levels of ***p<0.005 and ***p<0.005. In conclusion the CAE has
anti-tuberculosis effect and could tackle drug resistant TB as exhibited through the anti-efflux
and anti-biofilm forming properties of the extract against the selected Mycobacterium species.
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Tuberculosis (TB) is a communicable
disease caused by Mycobacterium tuberculosis
and a major cause of ill health !. It is ranked
among the top ten (10) cause of death worldwide
and the number one cause of death from a single
infectious agent 2. The insurgence of multidrug
and extensively drug-resistant tuberculosis

(MDR/XDR-TB) is a major problem in the
treatment and management of tuberculosis °.
There was a collaborative effort to curb this by
the repurposing of standard drugs to tackle drug
resistant tuberculosis *°. Efforts made by most
research institutions toward the development of
new antibiotics had proven futile due to emerging
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resistance that had crippled down antimicrobial
research . World Health Organization (WHO) 2020
global TB report estimated 500,000 cases of multi-
drug resistant TB (MDR-TB) of which 186,772
MDR-TB deaths were confirmed ’. Among new TB
cases, 3.5 % are either resistant to the most effective
drug that is rifampicin or attaining to multi-drug
resistant, if care not taking then there would be an
increasing trend in the number of resistant TB cases
around the globe ®.

Efflux pump plays a significant role in
the evolution of resistance in Mycobacterium
tuberculosis serving as transporter for several
structural substances and noxious compounds that
include antibiotics *''. This reduces the intracellular
concentration of the pharmacologically active
agents and contributes to drug-resistant TB '2.
Agents that inhibit Mycobacterium tuberculosis
efflux pumps could serve as an adjunct to enhance
the sensitivity of established anti-tubercular drugs
13

Microorganisms that form biofilms
are leading cause of nosocomial and recurrent
infections, they form a sticky exopolysaccharide
which is the main virulence factor causing
biofilm-related infections '*. Bacteria embedded
in biofilm are more resistant to antimicrobials
than planktonic bacteria, making treatment
difficult '5'¢. Study of biofilms in Mycobacterium
smegmatis and Mycobacterium aurum as potential
surrogate model for Mycobacterium tuberculosis
aid in understanding biofilm formation in other
pathogenic Mycobacteria like Mycobacterium
tuberculosis V. The global TB emergency has been
further exacerbated by extensively drug-resistant
(XDR) TB strains that are resistant to our best
antibiotics and very difficult to treat, this stimulates
an urgent need for the development of new drugs
for the treatment of Mycobacterial infections '8.
Agents possessing anti-Mycobacterium effect
with anti-efflux and anti-biofilm forming activities
are important in the tackling of multi-drug and
extensively-drug resistant tuberculosis. These
agents may increase the concentration of anti-
tuberculosis drugs within Mycobacterium cell
and therefore increase the pharmacologic and
therapeutic effects '*%.

Crinum asiaticum is a perennial bulbous
plant and widely distributed in Malaysia, Papua
New Guinea and Mauritius ?'. The ethno medicinal
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uses of the plant vary from country to country %,
In Ghana, the plant is prevalent in the southern
Ashanti, traditionally used to treat and manage
upper respiratory tract infections, inflammatory
disorders and skin infections caused by bacteria
and fungi. The plant contains several alkaloids
with distinct pharmacological activities .
Antinociceptive and antioxidant effects of the
plant had been reported . Analgesic and anti-
inflammatory properties of the bulbs of Crinum
asiaticum had also been reported?’-*%.

MATERIALS AND METHOD

Materials

Rotary evaporator (Buchi Labotechnik
Rotavap R-210), autoclave (SANOclav), centrifuge
(Joshansen, Germany), Middle Brook 7H10 agar
(Difco), Middle brook 7H9 broth (Difco), 96-well
half skirted PCR plates, 96-well micro titre plates
(Star lab, UK), Crinum asiaticum bulbs, Tryptase
soy broth (Himedia laboratory), fluorimeter
(Joshansen, Germany), Spectrophotometer
(Joshansen, Germany).
Drugs and chemicals

N-hexane (Surechem), Methanol
(Surechem), Chloroform (Prolabo), Ethanol
(LabChem), Ethidium bromide solution (Sigma-
Aldrich Inc), OADC, 0.5% (V/V) Glycerol, 0.2%
(V/V) Tween 80, verapamil (Ernest Chemist Ltd,
Ghana), 80 % glucose w/v (Sigma G7528).
Mycobacterial species

Mpycobacterium smegmatis (NCTC 8159)
and Mycobacterium aurum (NCTC 10437) strains
obtained from public health, England and stored
in the cell culture laboratory in the Department of
Pharmacology, Kwame Nkrumah University of
Science and Technology (KNUST).
Plant materials collection and preparation

The bulbs of Crinum asiaticum were
harvested at the forecourt of the Department of
Horticulture, KNUST with GPS code 6.6790397,
-1.5660286 and was authenticated by Mr Clifford
Asare in the Department of Herbal Medicine,
KNUST with herbarium specimen code KNUST/
HM2020/B004. The bulbs were washed in clean
water, chopped and blended fresh, extraction
was made using different organic solvents with
varied polarities (70 % ethanol, 99.8 % methanol,
99.8 % chloroform and 95 % hexane). Cold
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maceration conducted for 72 hours with constant
stirring. Filtration was done and filtrates were
concentrated using rotary evaporator (Buchi
Labotechnik Rotavap R-210). The concentrated
extracts were stored in containers, sealed, labeled
and refrigerated at 4 °C.
Qualitative phytochemical screening on the
bulbs of Crinum asiaticum extract

The bulbs of Crinum asiaticum
extract (CAE) was screened for the presence of
secondary metabolites such as flavonoids, tannins,
triterpenoids, glycosides, sterols, coumarins,
saponins, alkaloids. Experimental procedures were
based on different methods prescribed.
Test for alkaloids

Four drops of 2 % H,SO, were added to
5 ml of CAE extract, filtered and three drops of
Dragendoft’s reagent added to the 1 ml of filtrate.
Orange red precipitation formed suggested the
presence of Alkaloids .
Test for tannins

This test was based on what was reported
by Maxson and Rooney. Three drops of FeCl, were
added to the 1 ml filtrate of CAE, formation of dark
green colour indicated the presence of tannins™.
Test for saponins

On 1 ml of CAE filtrate, 2 ml of distilled
water was added and shaken vigorously. The
mixture was allowed to stand for 10 minutes
and the formation of foam on the surface of the

Table 1. Phytochemical screening of
Crinum asiaticum bulbs

Phyto-constituents Presence

Glycosides
Tannins
Alkaloids
Saponins
Triterpenoid
Flavonoids

+ + + + + +
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mixture persisted more than 10 minutes indicated
the presence of saponin *'.
Test for flavonoids

One milliliter of CAE filtrate was added
to 2 ml of dilute NaOH. A golden yellow colour
indicated the presence of flavonoids *.

Test for glycosides

An amount of 5 ml of the filtrate of CAE
was mixed with 25 ml of dilute H,SO,, the mixture
was boiled for 15 minutes, cooled and neutralized
with 10 % NaOH. Five milliliters of Fehling’s
solution was added to the mixture. Brick red
precipitate indicated the presence of glycosides **.
Test for triterpenoids

A mixture of 5 ml of extract and 2 ml of
chloroform was formed, four drops of concentrated
sulphuric acid was carefully added. Reddish brown
layer at the junction indicated the presence of
triterpenoids *.

In-vitro anti-Mycobacterial screening of Crinum
asiaticum bulbs extracts (CAE)

Screening of anti-Mycobacterial property
of the bulbs of Crinum asiaticum extracts
(methanol, ethanol, chloroform and hexane
extract) against Mycobacterium smegmatis and
Mycobacterium aurum was investigated using
high—throughput spot culture growth inhibition
assay (HT-SPOT1) technique *.

Middle-brook 7H10 (MB7H10) agar
with 0.5% glycerol was autoclaved. Oleic albumin
dextrose and catalase (OADC 10 % v/v) was added
to the agar as supplement. The agar was placed in
water bath at 55° to 60°C to avoid solidification.

Two-folds serial dilution of the extracts
were carried out in 0.3 % dimethyl sulfoxide
(DMSO) using PCR half-skirted 96-well plate to
give a wider range of concentration.

Mycobacterial strains (Mycobacterium
smegmatis (NCTC 8159) and Mycobacterium
aurum (NCTC 10437) were inoculated in 10 ml
MB7H10 contained in falcon tubes and incubated
at 37 °C for 18-24 hours. After the incubated

Table 2. Minimum inhibitory concentrations (MIC) of Crinum asiaticum bulb extracts MIC (ng/ml)

Bacteria strains Ethanolic Chloroformic Methanolic Hexane Isoniazid
extract extract extract extract

Mycobacterium smegmatis 250 250 125 500 62.5

Mycobacterium aurum 500 250 500 250 62.5




1908

period, microbial growth on the agar were washed
with 0.9 % (w/v) normal saline solution. Serial
dilution began when 100 pL of the washed bacterial
was added into a falcon tube containing 10 ml
sterile normal saline, followed with a transfer of 1
ml of the bacterial suspension form the previous
tube into a new falcon tube containing 9 ml of
normal saline, 1 ml of the suspension was further
transferred into the last falcon tube containing 19
ml of normal saline to mark the end of the serial
dilution method (content in the last falcon tube was
used for the SPOTT). Two microliters of the various
Crinum asiaticum bulbs extracts (CAE) taken from
PCR half-skirted plate was dispensed in 96-well
plate accordingly as reported **. In each well of the
plate containing the already dispensed CAE, 200
uL of the prepared agar was added followed with
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the addition of 2 pL of the bacterial suspension
(content in the last falcon tube) with the aid of a
multi-channel pipette onto the agar.

Plate was covered, sealed with paraffin

then wrapped with aluminum foil. Plate incubated
at 37 °C for 18-24 h. After incubation, plate was
observed and the minimum inhibitory (MIC)
concentration determined.
In-vitro determination of efflux pumps
inhibitory activity of Crinum asiaticum bulb
extracts against Mycobacterium smegmatis and
Mpycobacterium aurum

The efflux-pump inhibitory assay is
simple and utilizes ethidium bromide (EtBr) which
is a known substrate for efflux pumps and the
method to determine the efflux pump inhibitory
effects of agents has been reported **. This is an

t

CE
=— EE
ME
HE
Cells only
VP

Time/min

200+

Relative fluorescencel 600nm

80

CE
EE
ME
HE
Cells only
VP

t YA EN D

Time/min

80

Fig. 1. Anti-efflux pump activities of Crinum asiaticum bulbs extracts on Mycobacterium smegmatis (A) and
Mycobacterium aurum (B). CE-Chloroform extract, EE-Ethanolic extract, ME-Methanolic extract, HE-Hexane
extract, cells only-Mycobacterium cells only, VP-Verapamil
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improved and optimized method as compared
to previously reported methods *¢*7. Verapamil a
known efflux pump inhibitor (EPI) was used as
standard drug in this experiment.

Mpycobacterium smegmatis (NCTC 8159)
and Mycobacterium aurum (NCTC 10437) were
cultured in MB7H9 broth supplemented with
albumin, dextrose and catalase (ADC). Optical
density (OD) of the bacterial suspension was
determined to be 0.8. Five milliliters (5 ml) of the
bacterial suspension was added to 5 ml of MB7H9
and the OD was adjusted to 0.4. This was achieved
by the addition of broth or bacterial suspension
in sterile falcon tube. Bacterial suspension with
OD 0.4 was centrifuged at 3000 rmp for 10 min.
Supernatant was discarded and pellets re-suspended
in sterile 10 ml of phosphate buffer saline (PBS) by
vortexing.

The minimum inhibitory concentration of
the extracts determined earlier was halved in order
to work with sub minimum concentrations per ml
of the extracts. The concentration of verapamil used
was 125 mg/L *. Into a well-labelled eppendorf
tube, 500 pL of buffered bacterial suspension
(test group) was added and 500 pL of PBS was
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dispensed into an eppendorf tube to serve as the
(blank group). Two microliters of the sub-MIC
of drug samples were added into each eppendorf
tube (test and blank) followed with 2.5 puL of 80
% (w/v) glucose. Contents in the eppendorf tubes
were thoroughly mixed by vortexing. (100 pL)
aliquot was transferred into a sterile 96-well plate.

Lastly, 5 uL EtBr with concentration

of 50 mg/L was added to each well and was
immediately inserted into a fluorimeter with
excitation wavelength of 530 and emission
wavelength of 600 . The relative fluorescence
values were recorded, analyzed and plotted as the
relative fluorescence against time.
In-vitro determination of biofilm inhibitory
effect of Crinum asiaticum bulbs extracts
against Mycobacterium smegmatis (NCTC 8159),
Mpycobacterium aurum (NCTC 10437)

This method for the determination of
anti-biofilm effect of natural agents has been
reported previously '“. The use of micro titer plate
for biofilm formation and the screening of anti-
biofilm activities of agents can be quantitatively
determined 35383
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Fig. 2. Effect of CAE on the inhibition of biofilm formation in Mycobacterium smegmatis. Data was expressed as
mean + SEM. One-way analysis of variance followed by Dunnett’s Multiple Comparison Test. ####p< 0.005 of
ciprofloxacin (CIP) vs. cells only, p>0.05 of ciprofloxacin vs chloroform extract (CE), *p<0.05 of ciprofloxacin

vs hexane (HE) and methanol extracts (ME), ***p<0.05 of ciprofloxacin vs ethanol extract (EE) in figure A.
Figure B, ***p< 0.005 of cells only vs ciprofloxacin and chloroform extract, *p<0.05 of cells only vs ethanol,
**p<0.05 of cells only vs hexane extract, **p<0.05 of cells only vs methanol extracts
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Mycobacterium smegmatis (NCTC
8159) and Mycobacterium aurum (NCTC 10437)
were inoculated in 3-5 ml sterile trypticase soy
broth (TSB) and incubated for 24 h at 37 °C.
Mycobacterial cultures after incubation was
diluted (1:100) immediately in a sterile TSB.
Hundred microliters (100 pL) of diluted bacterial
suspension was dispensed into designated wells
in 96-well plate. Two wells each for extract, one
for standard drug (ciprofloxacin), one as negative
control (Mycobacterium cells only) and two for
blank (broth + extract only). Hundred microliters
(100 uL) of 5 % extract was dispensed into the
wells contained the bacterial suspension, plate was
covered with cling film, wrapped in aluminum foil
and incubated at 37 °C for 24 h. Contents were
aspirated out from the wells after incubation and
plate was thoroughly washed with PBS. Designated
wells were stained with 125 pL 0.1% crystal violet
(w/v) solution for 10 min, thereafter plate was
washed with distilled water to remove stains and
plate dried at room temperature. (200 uL) of 95 %
alcohol was dispensed into the wells and plate was
incubated for 15 minutes at room temperature, 125
pL of content in each well was transferred (ethanol/
crystal violet stains) into a separate 96-well plate
in triplicate.
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The optical density was measured at
wavelength 630 nm, results analyzed as total
biofilm formed and percentage biofilms inhibition.

Percentage Biofilm inhibition = (Average OD
of control-Average OD of Test)/(Average OD of
control) x100

Total biofilm formed = Average OD of Test —
Average OD of Blank

Where, control is Mycobacterium cells only
Blank is growth medium and drug only

RESULTS AND DISCUSSION

Phytochemical screening
Anti-Mycobacterial screening of Crinum
asiaticum bulbs extracts

The extracts were screened against
Mycobacterium smegmatis and it was established
that methanolic, ethanolic, chloroformic, and
hexane extracts exhibited minimum inhibitory
concentrations (MIC) of 125, 250, 500, and 500
pg/ml respectively.
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Fig. 3. Effect of CAE on the inhibition of biofilm formation in Mycobacterium aurum. Data was expressed as
mean + SEM. One-way analysis of variance followed by Dunnett’s Multiple Comparison Test. ####p<0.005 of
ciprofloxacin (CIP) vs. cells only, p>0.05 of ciprofloxacin vs chloroform extract (CE), *p<0.05 of ciprofloxacin

vs hexane (HE) and methanol extracts (ME), **p<0.05 of ciprofloxacin vs ethanol extract (EE) in figure A. In

figure B, ****p< (.005 ciprofloxacin and chloroform extract vs. cells only, *p<0.05 of cells only vs ethanol,
**5<0.05 of cells only vs hexane extract, ***p<0.05 of cells only vs methanol extracts
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Efflux pump inhibitory effects of Crinum
asiaticum bulbs extracts on Mycobacterium
smegmatis and Mycobacterium aurum

The principle behind this assay is
that a known substrate of efflux pumps called
ethidium bromide (EtBr) fluoresces when in living
microorganism but does not show any fluorescence
outside the cells. The amount of fluorescence
produced depends on the accumulation of EtBr in
the cells of microorganisms *. The fluorescence
produced was measured with fluorimeter and was
plotted against time.
The effect of Crinum asiaticum bulb extracts
on Mycobacterium smegmatis biofilm formation

There were significant inhibition on
biofilm formation by the extracts of Crinum
asiaticum bulbs (CAE) with the chloroformic
extract showing the greatest inhibition. Effects
of extracts were analyzed and represented as a
percentage of inhibition (figure 2A) and the total
biofilm formed (figure 2B) after anti biofilm
screening of CAE.
The effect of Crinum asiaticum bulb extracts on
Mpycobacterium aurum biofilm formation

The various extracts of Crinum asiaticum
bulbs (CAE) showed significant inhibitory effects
on M. aurum biofilm formation. A and B showed
quantitative representation on how well CAE were
able to inhibit the bacteria from forming biofilm.
Figure 3A showed the percentage inhibition of
biofilm exhibited by the various extracts, figure
3B showed the amount of biofilm formed after
treatment with the individual extracts.

Management of tuberculosis is threatened
with the insurgence of multi-drug resistance
and extensively drug resistance tuberculosis in
medicine and public health . Anti—tuberculosis
agents on martek are not functioning effectively
due to the emergence of resistance in our health
care systems; this had led to long treatment
duration resulting to patient non-compliance and
had contributed to sub-lethal therapeutic dose *.
There are higher demands for new anti-microbial
agents that could be used to tackle drug resistance
in tuberculosis management *>%%, therefore the need
to discover and develop new compounds with novel
mechanism of action effective in the management
of tuberculosis.

Plants possess wider range of secondary
metabolites and the presence of these metabolites
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represent the medicinal properties of plants 7. The
Crinum asiaticum bulbs extracts (CAE) contains
glycosides, tannins, alkaloids, triterpenoids,
saponins and flavonoids (Table 1). The bioactivities
exhibited by the Crinum asiaticum bulbs extracts
could be due to the listed secondary metabolites.
Bioactivities of CAE were tested against
Mycobacterium tuberculosis surrogates model
species; thus Mycobacterium smegmatis and
Mpycobacterium aurum since they are fast growing,
non pathogenic and are used in high through put
screening for tuberculosis drug discovery -,
Moreover, these strains share most genes with M.
tuberculosis *' making them ideal for this work.

The in-vitro anti-tubercular effect of
Crinum asiaticum bulbs extracts (CAE) were
tested against Mycobacterium smegmatis and
Mycobacterium aurum, the MIC recorded (Table
2) showed marked inhibition of the extracts
against growth of the selected microorganisms.
On M. smegmatis, methanolic extract produced
an MIC as low as 125 pg/ml whiles ethanolic
and chloroformic extracts on the other hand
produced MIC of 250 ng/ml. Minimum inhibitory
concentrations recorded when CAE tested against
Mpycobacterium aurum gave significant effects with
chloroform and hexane extracts producing greater
inhibitory effects of MIC 250 ug/ml. The MIC’s
recorded demonstrate some level of prospect in
terms of the anti-tuberculosis potential of the bulbs
of Crinum asiaticum.

Drug extrusion by multi-drug efflux
pump serves as an important factor among the
major mechanisms that lead to multi-drug-resistant
and extensively drug resistant tuberculosis >3,
Mycobacterium efflux pumps inhibitors improve
tuberculosis therapy by inhibiting the expression
of the bacteria efflux pumps which could enhance
the therapeutic effects of already established
anti-tuberculous drugs, by reducing resistance
associated with TB therapy thus serving as an
adjunct therapy 3*3¢. The Ethidium bromide (EtBr)
is a substrate for efflux pumps, the accumulation of
the EtBr intracellularly suggests how effective an
agent inhibits the efflux pumps therefore increased
fluorescence level ¥’. In recent years, there had been
increased interest in the discovery and development
of compounds that could inhibit microbial efflux
pumps *. In the efflux pump inhibitory assay,
the various Crinum asiaticum bulb extracts gave
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marked inhibitory effect on M. smegmatis and M.
aurum efflux pumps activation with the chloroform
extract showing the greatest inhibition compared to
the others (Figure 1). The in-vitro inhibitory effects
of CAE suggests is a good lead for the development
of bacterial efflux pump inhibitors.

Biofilm formation is one of the
phenomenon that contribute to bacteria resistance
to antibiotics **. They are formed on surfaces of
objects severely interrupting treatment *. Several
evidences suggested that natural products from
plant possess antimicrobial and anti biofilm effects
that had provided novel techniques to tackle
multi-drug resistance ¢!, The Crinum asiaticum
bulbs extracts produced significant biofilm
inhibitory effects (***p<0.05) on M. smegmatis
and M. aurum (Figure 2 and 3). The chloroform
extract performed better in inhibiting the bacteria
biofilm. It reduced M. smegmatis (Figure 2A
and B) biofilm significantly (***p<0.05) with
a percentage inhibition of 77.6 + 4.445 %. The
hexane and methanol extract also did better in the
inhibition of M. smegmatis biofilm (**p<0.05)
with percentage biofilm inhibition of 60.45 +
3.562 % and 62.32 £+ 2.132 % respectively. The
ethanol extract performed poorly in inhibiting M.
smegmatis biofilm (*p<0.05) with a percentage
biofilm inhibition of 52.14 +5.261 %. On M. aurum
biofilm formation (Figure 3A and B), chloroform,
ethanol, methanol and hexane extracts significantly
(***p<0.005) inhibited the bacterium biofilm
formation with their respective percentage biofilm
of 84.7 + 1.324, 52.43 + 1.249, 63.08 + 2.178,
57.62 £+ 1.938. The chloroform extract produced
the greatest inhibition (***p<0.005) compared
to other extracts. This suggests the anti-biofilm
activity of CAE against M. smegmatis and M.
aurum, it could be used to develop lead anti-biofilm
compounds. The Crinum asiaticum bulbs extracts
exhibited anti-Mycobacterial activity, efflux pump
inhibitory effect and anti-biofilm forming effect.
A drug which is a good efflux pump inhibitor and
biofilm inhibitor could be working by different
mechanisms which will be difficult for resistance
to develop %%, therefore Crinum asiaticum bulb
could be a suitable candidate.

CONCLUSION

This study demonstrates that Crinum
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asiaticum bulbs extracts possess anti-tuberculosis
activity in vitro and this was exhibited through its
susceptibility against Mycobacterium smegmatis
and Mycobacterium aurum, efflux pump and
biofilm inhibition. This could serve as lead in drug
discovery to develop compounds with varying
mechanisms that could tackle multi drug resistant
tuberculosis, also it could be used as adjunct
to enhance the susceptibility of standard anti-
tubercular drugs.
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