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ABSTRACT

Sparteine is an alkaloid with bacteriostatic activity on the genus Mycobacterium. The aim of this study
was to evaluate the antimicrobial activity of sparteine on the growth of 4 ATCC strains of Mycobacterium
tuberculosis (susceptible, resistant to isoniazid, resistant to rifampicin and multidrug-resistant) in vitro.
Validation of bactericidal activity of sparteine sulfate was carried out through an adaptation of the Microscopic-Observation Drug-Susceptibility (MODS) method according to the guidelines of the Peruvian
National Health Institute. The results demonstrate that at concentrations of 25; 50 and 100 Mm of sparteine sulfate, there is no development of colony-forming units in any of the 4 evaluated strains. Our results
demonstrate the potential in vitro antimicrobial effect of sparteine on multidrug-resistant tuberculosis.
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Tuberculosis (TB) is caused by Mycobacterium tuberculosis and affects one-third of the
world’s population; approximately 10 million people were infected and 1.4 million died in
2019 (1). Treatment is usually insufficient due to the emergence of multidrug-resistant TB
(MDR-TB) and extensively drug-resistant TB (XDR-TB) cases, which is why this disease is
considered a major global health problem (2). According to the World Tuberculosis Report (1),
Peru is the country most affected by MDR-TB in Latin America, with 30% of the cases, which
have been increasing in recent years and include a high incidence of XDR-TB cases in more
than half of the regions throughout the country. This has led to TB being considered a health
priority, and for this reason it is diagnosed and treated free of charge by the Peruvian state
health institutions (3).
The emergence of multiple drug resistance pathways has prompted the study and search
for new compounds for the effective treatment of TB in order to control drug resistance (4).
Different natural products have been discovered that possess activity against different resistant strains of M. tuberculosis, among which alkaloids stand out (5). Ambiguine, derived from
Fischerella ambigua, significantly inhibits M. tuberculosis H37RV with a minimum inhibitory concentration (MIC) of 6.6 µM (6). On the other hand, cryptolepine, an indoloquinoline
alkaloid extracted from Cryptolepis sanguinolenta have shown activity against M. fortuitum,
with an MIC of 16 ug/mL (7). Other alkaloids, including indoles, pyrroles, carbazoles, indolo-

https://doi.org/10.17843/rpmesp.2022.391.10136

77

Susceptibility of Mycobacterium tuberculosis to sparteine

Rev Peru Med Exp Salud Publica. 2022;39(1):77-82.

quinolines, manzamines, quinolines and isoquinolines, have
antimicrobial effect on different species of mycobacteria (5).
Among these compounds are the quinolizidine alkaloids,
which have demonstrated anti-TB activity (8). Sparteine, in
particular, has shown bacteriostatic activity on Mycobacterium phlei (9), a bacterium with high phylogenetic similarity
to M. tuberculosis, as revealed by 23S ribosomal RNA analysis, with an identity of 90-100% and an expected BLAST value (E value) = 0 (10).
Given the antimicrobial activity of sparteine on M. phlei,
and after in vivo and clinical trials, this alkaloid, or its derivatives, could be used against M. tuberculosis. Therefore,
this study aimed to evaluate the antimicrobial in vitro effect
of sparteine on the growth of four ATCC strains of Mycobacterium tuberculosis with different degrees of antibiotic resistance, using culture and susceptibility to antituberculosis
drugs by microscopic observation (MODS) assay.

KEY MESSAGES
Motivation for the study: Peru is the country with the
highest incidence of multidrug-resistant tuberculosis in Latin
America. This disease can be treated using quinolizidine
alkaloids, which have antimicrobial activity in Mycobacterium
phlei.
Main findings: This study demonstrates that sparteine has
in vitro antimicrobial effect on ATCC strains of resistant and
multidrug-resistant Mycobacterium tuberculosis.
Implications: Sparteine shows in vitro effect against M.
tuberculosis; therefore, in vivo assays and clinical studies
are needed to demonstrate its efficacy in the treatment of
tuberculosis.

THE STUDY

by means of an inverted light microscope. The flow chart of

Biological material

vation is described in Figure 1.

To evaluate the activity of sparteine sulfate, young cultures
of 28 days of incubation were grown in Lowenstein-Jensen
medium at the Mycobacteria Laboratory of the Regional Referral Laboratory of La Libertad (LRRLL). The strains used
were:

the SS bactericidal activity evaluation by microscopic obserMiddlebrook 7H9 broth enriched with 10% OADC
(Oleic Albumin Dextrose Catalase) was used as the base for
the culture medium. Based on the concentrations used in the
Wink study (9), SS was added to the medium in microplates,
to obtain an intermediate concentration of SS equivalent to:
1000; 500; 250; 100; 50; 25 and 10 milliMol. Finally, in ano-

Mycobacterium tuberculosis strain sensitive to isoniazid and
rifampicin H37Rv (ATCC 27294).

ther microplate, we placed an aliquot of 100 µL of each pre-

Mycobacterium tuberculosis strain resistant to isoniazid
(ATCC 35822).

gure 1). The microplates were placed inside a Ziplock®-type

Mycobacterium tuberculosis strain resistant to rifampicin
(ATCC 35838).
Mycobacterium tuberculosis MDR strain (ATCC 35821).

viously prepared concentration. Each strain was evaluated in
a microplate, in which an aliquot was placed in triplicate (Fitransparent polyethylene bag and protected from light until
further evaluation according to the MODS protocol (11).

Preparation of M. tuberculosis bacterial suspension
M. tuberculosis colonies were collected in tubes with 7H9
broth using an inoculation loop. The suspensions were ho-

Preparation of the culture medium and the solutions with sparteine sulfate

mogenized by vortexing, and after 30 min of rest, the su-

The evaluation of the bactericidal activity of sparteine sulfate (SS) was carried out using an adaptation of the culture
and susceptibility to antituberculosis drugs assay method by
MODS, according to the procedure described in the technical guideline prepared by the Instituto Nacional de Salud (11).
This guideline is based on the observation of the characteristic cords of M. tuberculosis when it grows in liquid medium,

ting the turbidity to Mc Farland scale 1 equivalent to 3 x 108
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pernatant was transferred to a tube with 7H9 broth adjusCFU/mL.

Evaluation of the bactericidal activity of sparteine
sulfate against M. tuberculosis.
First, 5 mL of Middlebrook 7H9 broth base enriched with
10% OADC solution was placed in a screw-capped glass
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Negative
Control

Broth 7H9

Broth 7H9
Bacterial
solution
3x102 CFU/ml

Broth 7H9
Stock Solution
1000 mMol
0.42254 gr/ml

Broth 7H9
PLATE 1

PLATE 2

mMol: millimolar. CFU: colony forming units.
Figure 1. Flow chart of the evaluation of the bactericidal activity of sparteine sulfate against M. tuberculosis by microscopic observation (MODS). Middlebrook 7H9 base broth enriched with OADC (Oleic Albumin Dextrose Catalase) was prepared. The base broth was used to prepare the controls. Sparteine
concentrations were obtained from dilution of a 1000 mMol stock solution to produce concentrations of 1; 2.5; 5; 10; 25; 50 and 100 mMol. The bacterial
suspension was added to the culture media by adjusting the turbidity to Mc Farland scale 1 (3 x 108 CFU/mL).

tube. These tubes were inoculated with 5 µL of the M. tuber-

Variables and experimental design

culosis bacterial suspension previously standardized to Mc

The independent variables were M. tuberculosis strains

Farland’s No. 1, after which it was homogenized. The micro-

(ATCC 27294; ATCC 35822; ATCC 35838; ATCC 35821)

plates were inoculated with 100 µL of the different SS con-

and SS concentrations in the culture broth (1; 2.5; 5; 10; 25;

centrations, 900µL of the bacterial suspension was placed in

50 and 100mM). The dependent variable was the presence of

the two growth control wells, and in the wells with 100uL

M. tuberculosis colony forming units.

of the concentrations to be evaluated. The microplates were

Each experimental unit was composed of 24-well plates,

placed in a hermetically sealed bag and incubated at 37°C,

containing M. tuberculosis cultures in the described media,

then they were checked for contamination and presence of
M. tuberculosis growth (11).

Microplate reading
At 21 days, we inspected the microplates using the inver-

Table 1. Interpretation of results by culture assay method and susceptibility to antituberculosis drugs by microscopic observation (MODS).
Growth evaluation

ted light microscope. We first examined the growth control

Microscopic
observation

Interpretation
of findings

>1 CFU (both wells)

Positive

0 CFU

Negative

>1 CFU (both wells)

Undetermined

wells with the various concentrations of SS were inspected.

Bacterial or fungal
growth

Contaminated

A positive result was considered as the growth of a CFU in

>1 CFU

Resistant

0 CFU

Sensitive (growth
inhibition)

Bacterial or fungal
growth

Contaminated

wells and found colony forming units (CFU), which validates the procedure and the positivity of the culture. Then the

the two wells with 10% OADC AL enriched culture medium
(growth control). The interpretation of results from microscopic observation is detailed in Table 1. Only plates that

Control wells

Wells with concentrations
of sparteine sulfate

showed growth inhibition in all three replicates were reported as sensitive.
https://doi.org/10.17843/rpmesp.2022.391.10136
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DISCUSSION

with the concentrations specified in Figure 1. Treatment was
assigned to each experimental unit following a completely

All the evaluated M. tuberculosis strains in the wells with SS
concentrations of 1 mM; 2.5 mM; 5 mM and 10 mM showed
growth. However, growth was inhibited by SS at concentrations of 25mM, 50mM and 100mM, which have antimicrobial action against the following M. tuberculosis strains
grown in broth: ATCC 27294, ATCC 35822, ATCC 35838
and ATCC 35821. The acquisition of antimicrobial resistance is a natural biological occurrence, which derives from
specific chromosomal mutations and is a different and irreversible process for each drug (2). However, the emergence
of MDR strains has generated the need to search for new
diagnostic and treatment methods (12).
These results contrast with those obtained for the quinolizidine alkaloid bis-1-oxaquinolizidine, obtained from Xestospongia exigua, evaluated with the Microplate Alamar Blue
Assay (MABA) colorimetric micromethod which showed an
MIC of 3.4 uM against M. tuberculosis H37Rv (13). On the
other hand, sparteine at 20 mM has achieved 100% growth
inhibition against M. phlei (9). Therefore, its antimicrobial
activity against M. tuberculosis opens the possibility of using it against other species of the genus Mycobacterium. This
could be of vital importance, because in humans, the rate of
infection by non-tuberculous mycobacteria has increased in
recent years, as can be evidenced in the following prevalence
rates reported by Mora et al. (14)., M. avium (52%), M. abscessus (34%), M. chelonae (18%), M. fortuitum (16%) and M.
kansasii (9.1%).
The MODS method has been validated by several studies
to detect the presence of M. tuberculosis and its susceptibility
to antituberculosis drugs such as rifampicin, isoniazid and
others such as pyrazinamide, reaching sensitivity and specificity values higher than 90% in TB and MDR-TB compared
to the standard agar plate ratio test (APRT) (15). It has been
successfully used in the Regional Referral Public Health Laboratory of La Libertad, and is the basis for the development
of a tuberculosis telediagnosis system and determination of
multidrug resistance (16).

randomized design.

Statistical analysis
The chi-square test was used to compare the observed proportions between treatments and SS concentrations (supplementary material).

Ethical criteria
The project is registered in the Health Research Projects platform (PRISA, https://prisa.ins.gob.pe/), with ID: FD73250DEFA2-4A82-8EC9-B688DC11D304 and research number:
2104. Strains from the Regional Reference Laboratory of
La Libertad were used. Once the study was completed, the
material was incinerated according to national regulations.
No patients took part in this study; therefore, approval by an
institutional ethics committee was not required.

FINDINGS
Our results show normal growth of the four M. tuberculosis
strains (ATCC 27294; ATCC 35822; ATCC 35838; ATCC
35821) in the wells without SS, and CFUs could be identified
(Table 2). The results detailed below were observed in the
three evaluated replicates.
Likewise, during microscopic observation, CFU growth was detected in all M. tuberculosis strains (ATCC 27294;
ATCC 35822; ATCC 35838; ATCC 35821) at concentrations
of 1; 2.5; 5 and 10 mM of sparteine sulfate. In contrast, we
did not detect the cords that indicate the presence of CFU
(supplementary material) when evaluating the growth of the
same strains in the wells with SS concentrations of 25; 50 and
100 mM. This lack of growth showed the inhibition of Mycobacterium tuberculosis growth by the antimicrobial effect of
SS. Microscopic findings are shown in Figure 2.

Table 2. Results of the evaluation of the bactericidal activity of sparteine sulfate against M. tuberculosis by culture assay and susceptibility to antituberculosis drugs by microscopic observation (MODS).
Mycobacterium tuberculosis strain

1

Final sparteine sulfate concentration (mMol)
2.5
5
10
25

50

100

Control

+

+

+

+

+

+

+

Sensitive strain H37Rv (ATCC 27294)

+

+

+

+

-

-

-

Isoniazid resistant strain (ATCC 35822)

+

+

+

+

-

-

-

Rifampicin resistant strain (ATCC 35838)

+

+

+

+

-

-

-

MDR strain (ATCC 35821)

+

+

+

+

-

-

-

(+) Growth of M. tuberculosis showing colony-forming units in all three replicates.
(-) No growth of M. tuberculosis, no colony forming units in the three replicates.
mMol: millimolar.

80

https://doi.org/10.17843/rpmesp.2022.391.10136

Hidalgo M et al.

Rev Peru Med Exp Salud Publica. 2022;39(1):77-82.

Figure 2. Broth growth of M. tuberculosis MDR strain (ATCC 35821) subjected to different concentrations of sparteine sulfate. The control photograph shows the characteristic cords which indicate growth in liquid medium of M. tuberculosis. The photos with concentrations of 10, 25, 50 and 100
mmol show inhibition of M. tuberculosis growth. The photographs were taken using an Olympus inverted light microscope with 1000x magnification.

The limitations of this study include the need for validation
of the results by APRT, the evaluation of toxicity in human cells
and the comparison with existing drugs recommended for the
treatment of TB, such as isoniazid or rifampicin, which have
minimum inhibitory concentrations of 0.25 and 2.0 ug/mL, as
reported by Schönfeld et al. (17). In addition, the mechanism of
action of sparteine on M. tuberculosis should be further studied,
since it is a quinolizidine alkaloid and its action could be related
to quinolones, with which they share elements of their chemical
structure. The bactericidal activity of these drugs is linked to the
inhibition of bacterial DNA replication by blocking the ligase domain of DNA gyrase, causing supercoiling and preventing DNA
repair, which is why they can be used in cases of MDR-TB (18).
In conclusion, this study reports a possible antimicrobial
effect of sparteine sulfate on four ATCC strains of M. tuberculosis with different degrees of antibiotic resistance (sensitive, isoniazid-resistant, rifampicin-resistant and MDR),
under in vitro conditions. On the other hand, more standar-

dized assays are required to determine the in vivo MIC, as
well as clinical studies to determine its effect against TB.
Acknowledgments: The authors would like to thank the Antenor Orrego
Private University and the Regional Referral Laboratory for providing
the necessary resources and infrastructure to carry out the research.
Authors’ contributions: Conception and design of the article: GZ,
PA and MH; collection of results: CC, PA, MH and PL; analysis and
interpretation of data: MH, CR and PA; drafting of the article: MH and
CR; critical revision of the article: MH, CR, PA; approval of the final
version: PA, PL, GZ, MH, CR, CC; obtaining funding: MH.
Funding: The study was funded by the Research Support Fund of the
Antenor Orrego Private University.
Conflicts of interest: The authors declare that they have no conflicts of
interest in this study.
Supplementary material: Available in the electronic version of the
RPMESP.

REFERENCES
1.
2.

3.

World Health Organization. Global Tuberculosis Report. World Health
Organization (2020) WHO, Geneva, Switzerland; 2020: p232. Available
from: https://www.who.int/publications/i/item/9789240013131.
Gómez-Tangarife VJ, Gómez-Restrepo AJ, Robledo-Restrepo J, Hernández-Sarmiento JM. Resistencia a Medicamentos ver Mycobacterium tuberculosis: contribución de mecanismos constitutivos y adquiridos [Drug
resistance in Mycobacterium tuberculosis: contribution of constituent and
acquired mechanisms] Rev Salud Publica. 2018; 20(4): 491-497.
Alarcón V, Alarcón E, Figueroa C, Mendoza-Ticona A. Tuberculosis en
el Perú: situación epidemiológica, avances y desafíos para su control.

https://doi.org/10.17843/rpmesp.2022.391.10136

4.

5.

Rev Peru Med Exp Salud Publica. 2017; 34(2):299-310. doi: 10.17843/
rpmesp.2017.342.2384.
Hameed HM, Islam MM, Chhotaray C, Wang C, Liu Y, Tan Y, et al.
Molecular Targets Related Drug Resistance Mechanisms in MDR-,
XDR-, and TDR-Mycobacterium tuberculosis Strains. Front Cell Infect
Microbiol. 2018; 10(8):114. doi: 10.3389/fcimb.2018.00114.
Mishra SK, Tripathi G, Kishore N, Singh RK, Singh A, Tiwari VK.
Drug development against tuberculosis: Impact of alkaloids. Eur J
Med Chem. 2017; 137: 504-544. doi: 10.1016/j.ejmech.2017.06.005.

81

Susceptibility of Mycobacterium tuberculosis to sparteine

Rev Peru Med Exp Salud Publica. 2022;39(1):77-82.

6.
7.
8.
9.
10.
11.

12.
13.

82

Mo S, Krunic A, Chlipala G, Orjala J. Antimicrobial ambiguine
isonitriles from the cyanobacterium Fischerella ambigua. J Nat Prod.
2009;72(5):894- 9. doi: 10.1021/np800751j.
Gibbons S, Fallah F, Wright CW. Cryptolepine hydrochloride: a potent
antimycobacterial alkaloid derived from Cryptolepis sanguinolenta.
Phytother Res. 2003; 17(4): 434-6. doi: 10.1002/ptr.1284.
Vazzana I, Novelli F, Sparatore F, Sparatore A, Fadda G, Manca C.
Quinolizidine derivatives with antitubercular activity. Farmaco Societa
Chimica Italiana. 1994; 49(2):105-110.
Wink M. Chemical defense of leguminoseae. Are quinolizidine
alkaloids part of the antimicrobial defense system of Lupins? Z.
Naturforsch. 1984; 39c: 548-552.
Altschul SF, Gish W, Miller W, Myers EW, Lipman DJ. Basic local
alignment search tool. J. Mol. Biol. 1990; 215: 403-410.
Asencio L, Acurio M, Quispe N, Vásquez L. Susceptibilidad a drogas
de Mycobacterium tuberculosis mediante observación microscópica
(MODS). Lima: Ministerio de Salud, Instituto Nacional de Salud.
2012:45. Available from: https://repositorio.ins.gob.pe/xmlui/bitstream/handle/INS/1118/MODS.pdf?sequence=1&isAllowed=y
Ugarte C, Ponce M, Moore D. Pruebas de sensibilidad para Mycobacterium tuberculosis. Acta méd peruana. 2008; 25(3): 171-5.
Orabi KY, El Sayed KA, Hamann MT, Dunbar DC, Al-Said MS, Higa
T, Kelly M. Araguspongines K and L, new bioactive bis-1-oxaquino-

14.

15.

16.

17.

18.

lizidine N-oxide alkaloids from Red Sea specimens of Xestospongia
exigua. J Nat Prod. 2002; 65(12): 1782-5. doi: 10.1021/np0202226.
Mora A, Giraldo S, Castillo D, Ferro B. Comportamiento clínico de la
infección y enfermedad causada por micobacterias no tuberculosas en
Latinoamérica: Revisión de alcance. Rev Peru Med Exp Salud Publica.
2021; 38(2): 318-325. doi: 10.17843/rpmesp.2021.382.6108.
Sertel D, Uzun M. The value of microscopic-observation drug susceptibility assay in the diagnosis of tuberculosis and detection of multidrug
resistance. APMIS. 2018;126(1): 38-44. doi: 10.1111/apm.12783.
Rodríguez L, Alva A, Coronel J, Caviedes L, Mendoza-Ticona A,
GilmanR. Implementación de un sistema de telediagnóstico de tuberculosis y determinación de multidrogorresistencia basada en el
método MODS en Trujillo, Perú. Rev Peru Med Exp Salud Publica.
2014;31(3): 445-53.
Schönfeld N, Bergmann T, Vesenbeckh S, Mauch H, Bettermann G,
Bauer T, et al. Minimal inhibitory concentrations of first-line drugs of
multi- drug-resistant tuberculosis isolates. Lung India: official organ
of Indian Chest Society. 2012; 29(4): 309–312. doi: 10.4103/09702113.102794.
Bush NG, Diez-Santos I, Abbott LR, Maxwell A. Quinolones: Mechanism, Lethality and Their Contributions to Antibiotic Resistance.
Molecules. 2020; 25(23): 5662. doi: 10.3390/molecules25235662.

https://doi.org/10.17843/rpmesp.2022.391.10136

