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In vitro antituberculosis activities of fractions and pure compounds (1-20) including seven triterpenes,
two alkaloids, two cycloheximide derivatives, two coumarins six sterol derivatives and a long chain alco-
hol, respectively, isolated from Haloxylon salicornicum were determined against Mycobecterium tubercu-
losis H37Rv. Actively growing cultures were tested by rapid colorimetric method while the stationary
phase cultures were tested by drug exposure methods for bactericidal activity. The MIC values were
found to be 50 pg/ml for compounds 15, 19 and 20 where as rest of the compounds invariably showed
MIC value of 100 pg/ml against the logarithmic phase culture. These were compare to Isoniazid as a con-
trol drug. The compounds exhibited no activity against the stationary phase culture of M. tuberculosis
H37Rv up to 200 pg/ml. Further studies are required to investigate the in vivo efficacies and activities
of the compounds in combination with antimicrobials that are already being used for TB therapy.

© 2010 Elsevier Ltd. All rights reserved.

Tuberculosis is a well known disease that has afflicted human
being since antiquity.'?

According to estimation by the World Health Organization
(WHO), approximately one third of the world’s population is in-
fected with Mycobacterium tuberculosis (the causative agent of
TB), eight million people develop tuberculosis disease annually,
while two million people die and another three million new cases
are being added each year.? In 1993, TB was declared a global
health emergency by the WHO.#> Pakistan ranks 8th in TB among
the high burden countries with 270,000 new cases and an inci-
dence of 181 cases/100,000/year.® Development of drug resistance
is a big threat to tuberculosis control as DOTS (directly observed
treatment short course) has become ineffective in treating the
MDR-TB and requires extensive chemotherapy, which is quite
expensive and is also more toxic to patients. The alarming increase
of multidrug-resistant TB (MDR-TB) cases calls for an urgent need
to develop new, more effective and safer anti-TB drugs especially
for the treatment of the MDR-TB cases.” Medicinal plants have long
been used in traditional healthcare systems as remedy of various
ailments including tuberculosis and related conditions such as
ulcer and lung infections.® Natural plant products have provided
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an alternative source for the development of antimicrobial
drugs.>1°

Haloxylon salicornicum belongs to the family Chenopodiaceae
which comprises 100 genera and 1200 species. Most of the mem-
bers of this family are weedy and grow in waste and unfertile areas
of soil. In Pakistan, this family is represented by 35 genera. Only
five species of genus Haloxylon are found in Pakistan. H. salicorni-
cum is a diffuse shrub, pale, much branched, almost leafless,
25-60 cm tall, with woody stem. It is widely distributed in Egypt,
Palestine, Jordan, Iraq, Kuwait, Iran, and Pakistan. The plant is tra-
ditionally reported for its toxicity and applied externally on insect
stings.!!~1* The ash of the plant is used for internal ulcers. As part
of our study of anti-infective properties of medicinal plants easily
available in Pakistan and have been reported to be used historically
for the treatment of different ailments, present study was carried
out to determine antituberculosis activities of four fractions and
pure compounds isolated from H. salicornium (Fig. 1).

The whole plant of H. salicornicum Bunge ex Boiss was collected
from Cholistan desert near district Bahawalpur (Punjab), Pakistan
in October, 2003. Further identification was carried out at Cholis-
tan Institute of Desert Studies, Islamia University Bahawalpur,
where a voucher specimen has been deposited.

The whole plant of H. salicornicum (20 kg) was shade-dried,
ground, and extracted with methanol (3 x 50 L). The combined
methanolic extract (900 g) was partitioned between n-hexane
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Figure 1. Structures of the compounds.
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and water. The aqueous fraction was successively partitioned with
CHCl3, EtOAc and n-butanol. The CHCl; soluble fraction (200 g) was
subjected to column chromatography over silica gel eluting with
n-hexane-CHCl;, CHCl;, CHCl3-MeOH and MeOH in increasing
order of polarity. Here, were a total 20 fractions which were se-
lected for the study. The fraction obtained from n-hexane-CHCl;
(7.0:3.0) gave four spots on TLC which on preparative TLC in the
same solvent system gave 1’-hydroxytetracosanyl cyclohexane
(1), 1'-hydroxydocasanyl cyclohexane (2), 24-ethyl cholesta-3,5-
diene (3) and 24-nor-12-ursene (4), respectively. The fraction
obtained from n-hexane-CHCls (5.0:5.0) gave three spots on TLC
which on preparative TLC in the same solvent system gave 24-hy-
droxy-4-octacosanone (5), Lupeol (6) and Lupeol acetate (7). The
fraction obtained from n-hexane-CHCl; (4.0:6.0) gave three spots
on TLC which on preparative TLC in the same solvent system gave
B-amyrin (8), B-amyrin acetate (9), stigmasterol (13), respectively.
The fractions obtained from n-hexane-CHCI; (3.0:7.0) were com-
bined and rechromatographed over silica gel using solvent system
n-hexane-CHCI; to provide ursolic acid (11) and olean-12(13) en-
3B-hexadecanoate (12) from the top and tail fractions, respectively.
The fractions obtained from n-hexane-CHCl; (2.0:8.0) gave two
spots on TLC which on preparative TLC using solvent system n-hex-
ane-CHCl; (1.5:8.5), respectively, provided 7,8-dimethyl-6-hydro-
xy cumarine (10), and haloxyline A (14). The fraction obtained
from n-hexane-CHCl; (2.5:7.5) was a mixture of two components
which were separated by silica gel columns chromatography using
solvent system n-hexane-CHCl; (2.8:1.2), collecting 10 ml frac-
tions in each case, to obtain haloxyline B (15) from fractions
20-30 and 5a-epidioxyergosta-6,9(11), 22-triene, (16) from frac-
tions 40-60 and «,8a-epidioxyergosta-6,22-dien-3p-ol (17) from
fractions 70-90. The fractions which were obtained from CHCl5-
MeOH (9.0:1.0) were combined and rechromatographed over silica
gel eluting with CHCI;-MeOH in increasing order of polarity.

The fractions which were obtained from CHCl;-MeOH (9.0:1.0)
gave three spots on TLC which on preparative TLC by using solvent
system CHCI;-MeOH (8.8:1.2), afforded 24p (24S)-ethyl-cholesta-
4-22 E diene 3-0-B-p-glucoside (18), 24p (24S)-ethyl-cholesta-4-
22E diene 3-0-o-L.-rhamnosid (19) and stigmasterol 3-0-B-p-gluco-
pyranoside (20).

The chemical constituents of H. salicornicum including four frac-
tions and 20 pure compounds were dissolved in DMSO to prepare
stock solutions (1 mg/ml). Isoniazid (INH) (control drug) was
dissolved in D/W (0.1 mg/ml). Stock solutions of reagents XTT
((2,3-bis(2-methoxy-4-nitro-5-sulphonyl)-5[(phenylamino)carbonyl]-
2H-tetrazolium hydroxide)) and Phenazine methosulfate (PMS)
(Sigma) were prepared in PBS at concentration of 1 mg/ml.

Log phase culture was prepared by growing M. tuberculosis
H37Rv (ATCC 27294) for 10 days in Middlebrook 7H9 broth (DIF-
CO) (supplemented with 10% ADC, glycerol and 0.05% Tween).
The culture (~108 CFU/ml) was diluted 1:50 in Middlebrook 7H9
complete medium. Old stationary phase culture was prepared by
growing M. tuberculosis H37Rv in Middlebrook 7H9 complete med-
ium (supplemented with 10% ADC, glycerol and 0.05% Tween) up
to 9 weeks without shaking. Cells were centrifuged, washed and
resuspended in minimal 7H9 broth (without ADC and glycerol,
pH 5.8) to match turbidity to McFarland standard tube no. 1.

Screening of compounds against the logarithmic phase culture:
Compounds were screened against the logarithmic phase culture of
M. tuberculosis H37Rv by rapid micro-colorimetric method using
XTT dye as growth indicator.!® Briefly, in a 96-well flat bottom
microtitre plate, compounds were added in Middlebrook 7H9
complete medium (at pH 6.8) to the concentrations of 200 and
100 pg/ml and inoculated with 100 pl culture suspension at the
concentration of 10° cells/ml in 200 ul final volume. Isoniazid (fi-
nal concn 0.1 pg/ml) was tested as control drugs. Following incu-
bation for about 7 days, 50 pl of a solution prepared by mixing

100 pl of PMS (Phenazine methosulfate) and 900 pl of XTT, was
added to the control wells and incubated for another 3-4 h or long-
er (overnight). Color change (from pale yellow to red) indicated
growth in control wells, the dye was added to the remaining wells.
Compounds that exhibited activity were further tested for their
MICs by micro broth dilution method.'® Series of concentrations
from 100 to 0.8 pg/ml were tested and the MICs were recorded
as the lowest concentration that inhibited the visible growth after
2 weeks of incubation.

Screening of compounds against stationary phase culture: The
anti-TB activities of the compounds against the stationary phase
culture of M. Tuberculosis H37Rv were determined by drug expo-
sure method.!” Aliquots of the undiluted old culture were exposed
to compounds at concentrations of 50, 100 and 200 pg/ml in acidic
minimal 7H9 broth (pH 5.8) for 3 days. Pyrazinamide (50 and
100 pg/ml) was used as control drug. Following exposure to the
compounds; cells were washed to remove the drug, appropriate
dilutions were plated for CFU count and the plates were incubated
at 37 °C for 4 weeks to determine the MBCs.

Despite the availability of a powerful treatment course (DOTS;
6 months therapy with multiple drug regimen), tuberculosis con-
trol is a big challenge due to the development of multiple drug
resistance tuberculosis (MDR-TB) resistant to the main firstline
anti-TB drug that is, isoniazid and now the extensive drug resis-
tance XDR-TB (MDR strain that is resistant to any fluoroquinolone
and at least one of the injectable secondline drugs).'®-2? Moreover,
the current treatment regimens for MDR-TB are quite expensive
and more complex with only 50% survival rate.>>?* Therefore, the
search for new, more effective and less toxic antituberculosis
agents has become increasingly important for the treatment of
MDR-TB cases. H. salicornicum is a wild plant widely distributed
in Central and South East Asia including Pakistan and is tradition-
ally reported for its toxicity and applied externally on insect
stings.2> The ash of the plant is used for internal ulcers.'? In this
study, 24 chemical constituents (four fractions and 20 pure com-
pounds) isolated from H. salicornicum were screened for their anti-
tuberculosis activities by colorimetric XXT method and MICs of the
compounds were determined by Broth Microdilution method. Re-
sults are presented in (Tables 1 and 2). The MICs were found to
be 50 and 100 pg/ml. Among four fractions tested, the chloroform
and ethylacetate fraction showed significant activity at 50 pg/ml
(Table 1) whereas similar activity was observed in three of the pure
compounds namely Haloxyline B, 24 (24S)-ethyl cholesta-4-22 E
diene 3-0-o-L-rhamnoside, and stigmasterol 3-0-B-p-glucopyrano-
side (Table 2). The compounds were also tested against the station-
ary phase culture of M. tuberculosis H37Rv by drug exposure
method where no activity was observed after the culture was trea-
ted with compounds up to 200 pg/ml for 3 day in minimal 7H9
broth medium at pH 5.8. In an earlier study, Haloxyline A and B
have also been shown to exhibit antifungal activities.?® Wahab
et al. recently reported that the methanolic extract of Haloxylon
recurvum and its butanol fraction have been found to possess
antibacterial and antifungal activities.?’A number of studies are
available reporting moderate to high antituberculosis activities of
plant derived alkaloids, terpenes, saponins and sterols.®2® Jin re-
viewed the diverse nature of alkaloid containing natural products
exhibiting biological activities such as antibacterial, antifungal

Table 1
Anti-TB activities of the fractions isolated from H. salicornicum by micro broth dilution
method

S. No Fractions MIC (pg/ml)
1 Hexane 100
2 Chloroform 50
3 Ethylacetate 50
4 Butanol 100
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Table 2
Anti-TB activities of the pure compounds isolated from H. salicornicum by micro broth
dilution method

S. No Pure compounds MIC (pg/ml)
1 1’-Hydroxytetracosanyl cyclohexane 100
2 1’-Hydroxydocasanyl cyclohexane 100
3 24-Ethyl cholesta-3,5-diene 100
4 24-Nor-12-ursene 100
5 24-Hydroxy-4-octacosanone 100
6 Lupeol 100
7 Lupeol acetate 100
8 B-Amyrin 100
9 B-Amyrin acetate 100

10 7,8-Dimthoxy-6-hydroxy cumarine 100

11 Ursolic acid 100

12 Olean-12(13) en-3B-hexadecanoate 100

13 Stigmasterol 100

14 Haloxyline A 100

15 Haloxyline B 50

16 5a-Epidioxyergosta-6,9(11), 22-triene 100

17 o,8a-Epidioxyergosta-6,22-dien-33-ol 100

18 248 (24S)-Ethyl-cholesta-4-22 E diene 100

3-0-B-p-glucoside

19 248 (24S)-Ethyl cholesta-4-22 E diene 50

3-0-0-L.-rhamnoside

20 Stigmasterol 3-0-B-p-glucopyranoside 50

21 Isoniazid 0.02

and antiviral activities.?® The promising antituberculosis activities
exhibited by the chemical constituents of H. salicornicum reported
in this study together with the antifungal activities of its alkaloids
justify the ethnopharmacological use of H. salicornicum in different
diseased conditions and provide an evidence of their potential to
be used as broad spectrum antituberculosis agents.

H. salicornicum constituents did not exhibit antituberculosis
activity against the non replicating stationary phase culture of M.
tuberculosis (up to 200 pg/ml) when tested in acidic medium repre-
senting the intracellular microenvironment during established
infection. These observations indicate that like many other existing
anti-infective agents, H. Salicornicum constituents also exert their
antimicrobial activity on actively multiplying cells during the mac-
romolecular synthesis. Mycobacterium tuberculosis is hard to treat
organism being equipped with lipid and waxed cell wall rendering
most of the antibiotics unable to penetrate.>® The alkaloids, terp-
enes and saponins because of the lipophilic nature can easily pen-
etrate into mycobacterial cell wall to inhibit their growth.
Berberine and harmane for example are the two highly aromatic
planar quaternary alkaloids that have the ability to intercalate with
DNA.2! Whereas, the detrimental effect of saponins may largely lie
on their ability to cause membrane damage and leakage of cellular
materials leading to cell death.?? But this has to be confirmed by
mechanistic studies. Further studies are required to explore the
in vivo efficacy of the bioactive compounds isolated from H. sali-
cornicum to use them for the treatment of tuberculosis, along with
other anti tuberculosis drugs.

Acknowledgements

This study was partly supported by grant from Higher Education
Commission-Pakistan to Nazia Bibi. Sean Byrne from Department of

MM, Johns Hopkins University and Muhammad Azam Rasool from
HE] RIC, University of Karachi, are highly acknowledged for assis-
tance in culture preparation and providing compounds for testing,
respectively.

Supplementary data

Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.bmcl.2010.05.061.

References and notes

1. Ayyazian, L. F. History of Tuberculosis. In Tuberculosis; Hershfield, Reichman L.
B., Ed.; Dekker: New York, 1993. Chapter 2.

. Basel, H. H. Respiratory 1998, 65, 5.

3. Dye, C.; Scheele, S.; Dolin, P.; Pathania, V.; Raviglione, M. C. J. Am. Med. Assoc.
1999, 282, 677.

4, Raviglione, M. C.; Snider, D. E. ].; Kochi, A. J. Am. Med. Assoc. 1995, 273,
220.

5. World Health Organization. TB—a global emergency-WHO report on the TB
epidemic. Tuberculosis Programme, WHO, Geneva, 1994, (A.71), WHO/TB/
94.177.

6. World Health Organization. 2008. Countries with XDR-TB: confirmed cases to
date. Available at: http://www.who.int/tb/challenges/xdr/xdrmap_26feb08_en.
pdf. Accessed 28 March, 2008.

7. O'Brien, R. J.; Nunn, P. Am. J. Respir. Cell Mol. Crit. Car. Med. 2001, 162,
1055.

8. Newton, S. M.; Lau, C.; Wright, C. W. Phytother. Res. 2000, 14, 303.

9. Koehn, F. E.; Carter, G. T. Nat. Rev. Drug Disc. 2005, 4, 206.

10. Newman, D. J.; Crgg, G. M. J. Nat. Prod. 2007, 70, 461.

11. Ali, S. L; Qaiser, M. Flora of Pakistan, Chenopodiaceae Jointly published by
Department of Botany, University of Karachi, Karachi, Pakistan & Missouri
Botanical Press: Missouri Botanical Garden, St. Louis, Mussouri, USA, 2001; Vol.
204, p 185.

12. Sastri, B. N. The Wealth of India; Council of Scientific and Industrial Research:
New Delhi, 1959. p 5.

13. Jafri, S. M. H. The Flora of Karachi (Coastal West Pakistan); The Book Corporation:
Karachi, 1966. p 99.

14. Stewart, R. R. An Annotated Catalogue of The Vascular Plants of West Pakistan and
Kashmir, Flora of West Pakistan; Fakhri Press: Karachi, 1972. p 223.

15. Delogu, A.; Pellerano, M. L.; Sanna, A.; Pusceddu, M. C.; Uda, P.; Saddi, B. Int. J.
Antimicrob. Agents 2003, 21, 244.

16. Collins, C. H.; Grange, J. M.; Yates, M. D. Tuberculosis Bacteriology Organization
and Practice. Drug Susceptibility Tests, 2nd ed.; Butterworth: Heinemann, 1997.
p 98.

17. Byrne, S. T.; Denkin, S. M.; Gu, P.; Nuermberger, E.; Zhang, Y. J. Med. Microb.
2007, 56, 1047.

18. Raviglione, M. C.; Smith, I. M. N. Eng. J. Med. 2007, 356, 656.

19. Espinal, M. A,; Laszlo, A.; Simonsen, L.; Boulahbal, F.; Kim, S. ].; Reniero, A.;
Hoffner, S.; Rieder, H. L.; Binkin, N.; Dye, C.; Williams, R.; Raviglione, M. C. N.
Eng. J. Med. 2001, 344, 1294.

20. Butler, D. Nature 2000, 406, 670.

21. World Health Organization. Global Tuberculosis Control: Surveillance,
Planning, Financing. WHO report 2008, WHO/HTM/TB/2008.393.

22. Zumla, A.; Grange, ]J. M. Lancet Infect. Dis. 2001, 1, 199.

23. Somoskovi, A.; Parsons, L. M.; Salfinger, M. Respir. Res. 2001, 2, 164.

24. Snell, N. J. Expert Opin. Invest. Drugs 1998, 7, 545.

25. Chopra, R. N.; Nayar, L.; Chopra, 1. C. Glossary of Indian Medicinal Plants; CSIR:
New Delhi, 1956. p 204.

26. Ferheen, S.; Ahmed, E.; Afza, N.; Malik, A.; Shah, M. R.; Nawaz, S. A.; Choudhary,
M. . Chem. Pharm. Bull. 2005, 53, 570.

27. Wahab, A.; Ahmed, E.; Nawaz, S. A.; Sharif, A.; Ul Haq, R.; Malik, A.; Choudhary,
M. L; Raza, M. Nat. Prod. Res. 2008, 22, 1317.

28. Okunade, A. L.; Elvin-Lewis, F. M.; Lewis, W. H. Phytochemistry 2004, 65,
1017.

29. Jin, Z. Nat. Prod. Rep. 2006, 23, 464.

30. Brennan, P. J.; Nikaido, H. Ann. Rev. Biochem. 1995, 64, 29.

31. Cowan, MM. Clin. Microb. Rev. 1999, 12, 564.

32. Mshvildadze, V.; Favel, A.; Delmas, F.; Elias, R.; Faure, R.; Decanosidze, G.;
Kemertelidze, E.; Balansard, G. Pharmazie 2000, 55, 325.

N


http://dx.doi.org/10.1016/j.bmcl.2010.05.061
http://www.who.int/tb/challenges/xdr/xdrmap_26feb08_en.pdf
http://www.who.int/tb/challenges/xdr/xdrmap_26feb08_en.pdf

	In vitro antituberculosis activities of the constituents isolated from Haloxylon  salicornicum
	Acknowledgements
	Supplementary data
	References and notes


