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Abstract

Tuberculosis (TB) is still a principal cause of death in the world. There is considerable emphasis for
search of novel drugs against TB due to increased Mycobacterium tuberculosis drug resistance and co
infection with Human Immunodeficiency virus (HIV) that are challenging to treat. Callistemon citrinus
(Curtis) skeels is one of the medicinal plants that are used in treatment of tuberculosis by local
communities in Uganda. Though crude extracts from the plant have shown antimycobacterial activity in-
vitro, the specific phytochemicals responsible for this activity are not known. The study aimed at isolating
and characterizing compounds from C. citrinus and testing the compounds on different strains of M.
tuberculosis.

Methods: Chromatographic and spectroscopic methods were used for isolation and characterization of
pure compounds, while Microplate Alamar Blue Assay (MABA) was used to determine its efficacy on
sensitive and resistant strains of M. tuberculosis.

Results: Betulinic acid, ursolic acid and epicatechin were isolated from C. citrinus. Epicatechin had
minimum inhibitory concentration values of 3.4 pg/ml, 5.9 uyg/ml and 3.9 pg/ml on the pan sensitive,
rifampicin resistant and isoniazid resistant strains respectively. Betulinic acid and ursolic acid had MIC
values of 29.3 yg/ml and 30.1 pg/ml respectively on the pan sensitive strain.

Conclusion: Our results substantiate the use of C. citrinus in traditional medicine for treatment of
tuberculosis and this activity is related to presence of ursolic acid, betulinic acid and epicatechin.

Background

Tuberculosis (TB) is a highly virulent respiratory airborne disease caused by Mycobacterium tuberculosis
[ In the last decade, tuberculosis hasclaimed approximately twenty million people in the world and it is
still the leading cause of death to date among infectious diseases!?.The high mortality of tuberculosis is
aggravated by M. tuberculosis’ capacity to genetically mutate thus becoming resistant to several formerly
effective antibiotics. Tuberculosis that is resistant to Isoniazid and rifampicin, also known as Multi drug
resistant TB (MDR TB) is characterized by mutations in the rpoB gene and katGor themabA-inhApromoter
regionsiBlwhile extensively drug resistant TB (XDR TB) that is resilient to both first and second line
drugslis in addition to the above mentioned mutations dominated with rrs and eis

mutations!®!. Treatment of M. tuberculosisdrug resistant strains is problematic as it involves use of
several toxicsecond line drugs for a stretched period of time resulting in cumulative adverse effects and
non-adherencel®l. There is need for development of new therapies as one of the strategies toeliminate TB
by the year 2050 in order to achieve the WHO sustainable development goals. New drugs such as
bendaquiline and delamanid have been introduced in TB treatment and they have gone a long way in
reducing MDR and XDRTB treatment duration”). However, there are fears of drug resistance to
bedaquiline and delamanid. Studies have shown thatresistance to BDQ is acquired through a number of
spontaneous chromosomal mutationsincluding; a BDQ target known as atpE, the MmpS5—MmpL5 efflux
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pump (Rv0678 and Rv0677c), pepQ which encodes an Xaa-Pro aminopeptidase and mutations in the
intergenic region between Rv0678 (efflux pump MmpL5) and Rv0677c¢ (efflux pump MmpS5) that result
in suppression of ATP synthase enzyme inactivity®. There is thus a need for a continual investigation of
leads that are active on resistant M. tuberculosis.

Plants still serve as a rich source of many novel biologically active compoundsyet very few have been
thoroughly investigated. Callistemon citrinus(Curtis) Skeels,commonly known as crimson’s bottle brush,is
a plant species belonging tofamily Myrtaceael'%. It is native to Australia however it is now spread all over
the world. In addition to being used as an ornamental tree in African countries'}, C. citrinus is being used
locally in management of cough and other cough related illnesses!'2l.InUganda, the plant is used locally
in the treatment of tuberculosis!'® 14, The efficacy of C. citrinuscrude extracts on different strains of M.
tuberculosis has been validated ['5] however the phytochemicals responsible for this activity have not
been investigated.In this study, we report isolation of phytochemicals from C. citrinus and investigation of
their activity on different strains of M. tuberculosis.

Materials And Methods

Plant collection,extraction and fractionation

Leaves of C. citrinus(Curtis) Skeels(Mwambala butonya in the local luganda language) were collected
from Luwero District Makulubita sub county. It is located 48km from Kampala City Centre Uganda at
latitude 32.7431° N and altitude 0.72269 ° E. The district is dominated by savanna and tropical
grasslands receiving an average of 1,300mmof rainfall and mean annual

temperature of between 15 ° C and 17.5 ° C. These conditions are favorable for C. Citrinus survival.

Permission to collect the plant material was obtained through ethical approval from the Uganda national
council of Science and Technology under reference number HS 1288. Additionally, to comply with the
institutional, national, and international guidelines and legislation for conservation of plant species, small
amounts of leaves were harvested (detached) from several mature healthy plants to ensure
sustainability.A voucher specimen was prepared identification and achieved under reference number
BLO14 in theMakerere Univeristy Department of Botany herbarium.

Air dried powdered leavesof C. citrinus(2.5kg) were extracted with 1:1 dichloromethane and methanol
(10L) for a period of 48hours with occasional shaking. After filtration, the extract was concentrated
(2199g) in vacuum. It was thenpartitioned between water andn-hexane and then ethyl acetate solvents.
Theethyl acetate fraction (20.34g)was subjected to silica gel open column chromatography using a
gradient system of n-hexane-EtOAc andEtOAc-MeOH solvent systems. Fractions of 250 mlwere
collected.Fractions CCC 3, Was fractionated as an oil and it was analysed using GC MS. Repetitive
column chromatography was done on fractions CCC 10, CCC 13 and CCC 18 to obtain the other pure
compounds

Page 3/14



General experimental procedures

Preparative and analytical TLC were performed respectively using silica gel 60 PF,z4,36¢ andsilica gel60-
F,54(Merck) precoated aluminum sheets (Merck) and the spots were visualized by heating after spraying
with vanillin.

The volatile fractions were analysed using Agilent gas chromatography equipment (7890A) equipped
with a quadruple Agilent 5975C inert XL mass selective detector and fitted with a HP-5 MS column (30 m
x 0.25 mm, 0.25 pm)with helium as the carrier gas. The GC oven temperature was initially set at 100°C for
4 min, raised to 235°C at a rate of 7°C min™, then to 300°C at 12 °C min™' and maintained at that
temperature for 10 min. This gave a run time of 38.702 min. The temperature of the injector was 290 °C
and column head pressure was 72.553 kPa. Samples (1 pL) were injected in splitless mode. The mass
spectrometer was operated in electron-impact (EI) mode and a full-scan mode was selected for
identification purposes.

NMR spectra (1D and 2D)were recorded on Bruker DMX Avance 300 MHZinstrument equipped with an
auto-tune probe and using the automation mode aided by internal standards,deuterated chloroform and
methanol as solvents.

Mycobacterial testing

Susceptibility testing of extracts was determined using the microplatealamar blue assay(MABA)[1 6],
Three preserved strains of M.tuberculosiswere used; a rifampicin resistant strain (TMC 331/ATCC35838),
an isoniazid resistant strain (TMC 301/ ATCC 35820) and a fully susceptible pan sensitive strain (H37Rv)
as a positive control. M. tuberculosis was revived on Middle brook 7H10 agar (Becton Dickinson
Company), which was prepared according to manufacturer's instructions. Cells were scraped from freshly
growing colonies (two weeks old) and introduced into 7H9 broth (10ml) (Difco, Detroit, Mich)
supplemented with 0.2% (v/v) glycerol and 10% (v/v) OADC. The inoculum was incubated at 37°C for 24
hours. McFarland standard 0.5 was used and it was prepared using a nephlometer.

Isoniazid (95.5% purity) was prepared in sterile water while theextracts, pure compounds and rifampicin
(98.0% purity) were prepared in DMSO.The final concentrations tested for the drugs and isolated
compounds ranged between 0.063-32.5 ug/m.Sterile distilled water (200ul) was added to all outer
perimeter wells of 96-well plates to minimize evaporation. The remaining wells received 100ul of 7H9
broth. One hundred microliters of drug solutions were added to the wells in rows B to G in column 2 and
two fold serial dilutions were made through column 10. The wells in 11 were drug free and these acted as
negative control wells. The wells were inoculated with 100ul of M. tuberculosisbringing the final volume
to 200 pl per well. The plates were incubated at 37°C for 24 hours. The tests were prepared in triplicate for
each of the strains used.Thirty micro liters of a freshly prepared alamar blue (Accumed International,
Westlake, Ohio) reagent was added to well B11 and incubated at 37°C for 24 hours. If it turned color, then
the dye was added to the remaining wells. The minimum inhibitory concentration values (MIC) was
defined as the lowest drug concentration values which prevented a color change from blue to pink.
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Results And Discussion

Antimycobacterial activity of fractions

Nineteen fractions, from the ethyl acetate extract were collected and tested on M. tuberculosis. Sixteen
fractions showed activity on both the pan sensitive strain and isoniazid resistant strains (Table 1).
Fraction 18 was the most active on the pansensitive strain and the Isoniazid resistant strain with
minimum inhibitory concentration values of 0.01mg/ml and 0.09mg/mlrespectively.Fraction 10 had MIC
valueof 0.07mg/ml, 0.09mg/ml and 0.09 on H37Rv,TMC 301 and TMC331 respectively and was the most
active on the rifampicin resistant strain.Only four of the fractions (3,10,13 and 18) had activity on the
rifampicin resistant strainwith MIC values of 0.45,0.09, 0.07 and 0.07mg/ml respectively.

Table1: Minimum inhibitory concentration values of fractions from C. citrinusagainst pan sensitive,

isoniazid resistant and rifampicin resistant M. tuberculosis
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Minimum inhibitory concentration values (mg/ml)
Fraction H37Rv TMC 301 TMC331
1 >50 >50 na

2 0.12 1.17 >50
3 0.49 0.59 0.45
4 0.29 0.59 >50
5 0.78 0.09 >50
6 1.25 0.09 >50
7 0.15 0.24 >50
8 0.24 0.24 >50
9 >50 >50 >50
10 0.07 0.09 0.09
11 0.09 0.15 >50
12 0.78 1.18 >50
13 0.19 3.13 0.07
14 0.09 0.14 >50
15 0.24 0.09 >50
16 0.19 0.09 >50
17 >50 >50 >50
18 0.01 0.09 0.07
19 1.56 2.34 na

H37rv = pan sensitive strain, TMC 301= Isoniazid resistant strain, TMC 331= rifampicin resistant stain,
>50 were considered in active.

Gas chromatography Mass Spectroscopy determination

From the oily fraction three, seven compounds were identified using GC-MS analysis (Table
2).Dodecanoic acid 1, 2, 3 propanenetriyl ester, hexadecane and octadecane were the most abundant with
relative abundance of 38.2%, 18.5% and 16.1% respectively. Phthalic acid (1.8%), pentadecane (1.8%),
aspidinol (9.1%)and tetradecane (14.5%)were also detected. The oily fraction mainly comprised of
carboxylic acids and hydrocarbons.
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Table 2: Compounds found from Gc Ms analysis of Callistemon citrinus fraction three

Compound name Retention Relative Molecular  Molecular Compound
time (min) nature
composition  Formula Weight
(o)
%

Tetradecane 10 14.5 Cq4H3g 196.39 Long chain
alkane
Phthalic acid 23.0 1.8 CgHgO4 166.13 Carboxylic
acid
Hexadecane 12.9 18.2 CqeH3a 226.44 hydrocarbon
Aspidinol 17.3 9.1 CioH1604 22425 Carboxylic
ester
Pentadecane, 7 methyl 15.4 1.8 CeHs4 226.44 Hydrocarbon
Dodecanoic acid 1,2,3 291 38.2 C39H740¢  639.00 Carboxylic
propanenetriyl ester ester
Octadecane 15.5 16.4 CqgH3s 254.5 hydrocarbon

Isolated compounds
Spectral data

Two pentacyclic triterpenoids including ursolic acid (1) and betulinic acid (2) plus a flavonoid epicatechin
(8)(Fig 1) were isolated from the leaves of C. citrinus.Their proton and Carbon 13 spectral data is shown
below.

Compound Twhite powder'H NMR (300MHz, MeOH) 8H (m, J in Hertz)0.87 (t, J=15Hz), 0.95(d,
J=18Hz),2.17(d, J=9Hz),3.3brd,5.5(t, J=2.55Hz)

NMR (300MHz, MeOH) 8C 38.4(CH,), 27.8(CH,), 78.3(CH), 38.4(C), 55.3(CH), 18.1(CH,), 32.9(CH,),
39.3(C), 48.3(CH), 36.7(C),22.9(C), 125.4(CH,), 138.2(CH,), 41.8(CH), 27.8(C), 22.9(CH,), 48.0(C),
52.9(CH), 39.0(CH), 38.4(C), 30.3(CH,, 36.7(CH,), 27.8(CH), 14.9(CHs), 16.4(CHs), 18.0(CH3), 22.9(CH),
180.1(C), 18.0(CHg), 27.3(CH3)ESI-MS (IM]* at m/z 456.4) Calcd forCagH,g0

Compound 2 white amorphous powder'H NMR (300MHz, CDCl3) 8H(m, J in Hertz)4.428(d J=4.5Hz),
2.798 (d,J=3.6Hz),1.23(t, J=10.2), 1.05s, 1.05s, 0.94s, 1.05s, 1.23s, 0.94s, 1.0s.

NMR (300MHz, cdcl3) 8C 38.2(CH,), 27.2(CH,), 82.4(CH), 38.22(C) 54.52(CH), 34.3(CH,), 40.9(C)
50.9(CH), 22.1(CH), 24.7(CH,), 38.2(CH,), 42.4(CH), 30.6(C), 31.5(CH,), 54.5(C), 46.2(CH), 50.9(CH),
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150.4(C), 29.4(CH,), 34.0(CH,), 29.4(CH,), 27.9(CH3),15.3(CHs), 19.5(CH3) 19.5(CH,), 182.8(C),
113.1(CHg), 19.5(CH3) ESI-MS ([M]* at m/z 438) Calcd for C3yHsq0

Compound 3 yellow solid "H NMR (300MHz, CDCl3) 6H(m, J in Hertz);4.7(br), 2.83(d, J=4.8Hz), 2.68(dd,
19.8Hz), 5.85(t, J=9Hz), 6.9(s), 6.72(dd, J=14.7)

NMR (300MHz, cdcl3) 6C 80.2(CH), 67.62(CH), 29.38(CH), 158.1(C), 96.6(CH), 157.7(C), 96.61(CH),
157.4(C), 100.3(C), 132.4(CH), 115.5(CH), 145.9(CH), 145.8(CH), 115.5(CH),119.6(C)ESI-MS (IM]* at m/z
290.5) Calcd forCq5 Hq4 Og

Anti-mycobacterial activity of compounds

Isolated compounds (1-3) were tested on both pan sensitive and resistant strains of M. tuberculosisusing
MABA. Among these, epicatechin (3) was found to be active on all the strains of M.tuberculosis.It had
minimum inhibitory concentration values of 3.4pug/ml, 5.9ug/ml and 3.9pg/ml on the pan sensitive,
rifampicin resistant and isoniazid resistant strains respectively (Table 3).

Table 3: Minimum Inhibitory Concentration values ofthe ursolic acid, betulinic acid and epicatechin on
pan

sensitive, rifampicin resistant and isoniazid resistant M. tuberculosis

Compound Minimum inhibitory concentration values (ug/ml)
Pan sensitive Rifampicin Isoniazid resistant strain (TMC
strain resistant 301)
(H37Rv) strain (TMC 331)

Ursolic acid (1) 30.1£ 1.9 >32.5 >32.5

Betulinic acid (2) 29.312.0 >32.5 >32.5

Epicatechin (3) 3.4+0.8 5.9+3.5 3.9+1.8

Isoniazid 2.0+0.0 4.0+2.5 >32.5

Rifampicin 4.0+0.0 - 2.0£0.0

Discussion

Tuberculosis treatment has become complex due to development of new resistant M. tuberculosis strains
to cheap easily available and effective first line and second line anti TB drugs. Efforts are underway to
have an arsenal of drugs to tackle the new strains and for the first time in about fifty years, new strides
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have been made in anti TB drug development with the introduction of delamanid and bedaquinine novel
agents in treatment of drug resistant strains of M. tuberculosis.Delamanid and bedaquininecontaining
regimens have gone a long way to dramatically shorten the treatment duration of MDR and XDR TB from
the original 24 months to between 9-12 months. Howeverthere are increasing fears of drug resistance to
these novel drugs as well ['7126_ Also, there is still need to reduce the treatment period further and
minimize toxic effects.

In this study, we isolated and tested the antimycobacterial activity of fractions and compounds from
Callistemon citrinus. We isolated three compounds from C. citrinus leaves namely; epicatechin, betulinic
acid and ursolic acid. Betulinic acid and Ursolic acid have previously been isolated from a number of
plant species including Vitex negundo Linn,Alnus incana, Curtisia dentatebut typically from theBetulaceae
family, particularly Betula alba78792021.22] The NMR data (*H and '3C) reported by these previous
studieswas compared to ours to confirm the compound structures reported here. Epicatechin has also
been previously isolated from Trichilia emetica whole Seeds, Boerhaavia erecta L. leaves andPterocarpus
marsupium however it has not been previously reportedinC. citrinus[2324:25,

Epicatechin was active on both susceptible and single drug resistant strains of M.
tuberculosis.Mycobacterium tuberculosis is characterized by a unique highly lipophilic cell wall
possessing mycolic acids that have up to C90 a alkyl and B hydroxyl long chain fatty acids that provide a
highly impermeable barrier for most agents thus prolonging the treatment period [26]. The high
lipophilicity of epicatechin could have provided it an advantage agnaist M. tuberculosis however more
studies are needed to verify its mechanism of action. Epicatechin has also been reported to; enhance the
antibacterial activity of B lactams on methicillin resistant staphylococcus aureus?7!, have
neuroprotective activity!?® and antihypertensive activity 29 however its antitubercular activity is reported
here for the first time.

Ursolic acid (1) and betulinic acid (2) showed a low activity on the pan sensitive strain with minimum
inhibitory concentration values of 29.3 pg/ml and 30.1 pg/ml respectively. This is in agreement with
previous studies 3%, However, a study done byFadipe et al 2"}, reported that modification of ursolic acid
and betulinic acid to3-O-acetyl-Ursolic acid and 3-O-acetyl- betulinic acid respectively, lowered the MIC
values to 3.4 pg/ml and 19.8 pg/ml respectively, indicating that there is potential for further development
of plant derived compounds into better leads that can be developed into new drugs.Earlier studies have
also shown that M. tuberculosis is susceptible to several weak acids owing to their ability to disrupt
membrane potential and function®'l. This could possibly further explain the anti TBactivity of betulinic
acid, ursolic acidand fraction 3 agnaist M. tuberculosis.

Conclusions

In conclusion, bioassay guided isolation of C. citrinus yielded threebioactive compounds including;
epicatechin, betulinic acid and ursolic acid. In spite of the fact that these compounds have been isolated

earlier from other plants, their activity on resistant strains of M. tuberculosis had not been investigated.
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Epicatechin demonstrated promising activity on all the tested strains; if further modified could be a lead
compound in the development of novel drugs against tuberculosis.The results of this study further
emphasize that bioassay guided isolation though cumbersome is still valuable in the process of drug
development.
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Figure 1

Chemical structures of compounds 1-3
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