
Antimicrobial Triterpenoids from Vladimiria muliensis

Jian-Jun Chen, Dong-Qing Fei, Sheng-Gao Chen, and Kun Gao*

State Key Laboratory of Applied Organic Chemistry, College of Chemistry and Chemical Engineering, Lanzhou UniVersity,
Lanzhou 730000, People’s Republic of China

ReceiVed September 10, 2007

A new triterpenoid with a rearranged ursane skeleton, 3�-acetoxyl-11R-methoxybauer-8-en-7R-ol (1), two new ursane
triterpenoids, 1R,5R-dioxy-11R-hydroxyurs-12-en-3-one (2) and urs-3�,13R,18�-triol (3), together with three known
ursane triterpenoids (4–6) were isolated from the rhizome of Vladimiria muliensis. Their structures were elucidated on
the basis of spectroscopic methods (IR, EIMS, HRESIMS, 1D and 2D NMR, and X-ray crystallography diffraction).
Compounds 2 and 4 exhibited modest antimicrobial activity against Escherichia coli, Candida albicans, Pseudomonas
aeruginosa, Enterococcus faecalis, Bacillus cereus, and Staphylococcus aureus.

The genus Vladimiria (Compositae) consists of about 12 species,
distributed mainly in southwestern China.1 The roots of most Vladimir-
ia species, especially V. denticulata and V. berardioides, have been
used as traditional Chinese medicine to alleviate pain in abdominal
distension, curing indigestion, dysentery, and nausea, and arresting
vomiting.2,3 The characteristic components of these species are
sesquiterpenoids,4,5 triterpenoids, lignans, and phenylpropanoids.6,7

Vladimiria muliensis (H.-M.) Ling, instead of V. denticulata, is used
by local inhabitants to treat the above symptoms.2 However, there
has been no report about the chemical constituents of V. muliensis.
In a continuation of our efforts to find new natural antibacterial
products from Chinese herb medicine,8 we studied the dried rhizome
of V. muliensis, collected in the Muli Autonomic County of Sichuan,
China. A new triterpenoid with a rearranged ursane skeleton (1),
two new (2 and 3), and three known ursane triterpenoids (4–6)
were obtained. The antimicrobial activities of 1–6 were determined
against Escherichia coli, Candida albicans, Pseudomonas aerugi-
nosa, Enterococcus faecalis, Bacillus cereus, and Staphylococcus
aureus. Compounds 2 and 4 showed modest activity, with the
former giving an MIC of 14.9 µM/L against S. aureus. The structure
of compound 1 was confirmed by X-ray crystallography.

Results and Discussion

Compound 1 was obtained as colorless crystals. Its EIMS
spectrum revealed a molecular ion peak at m/z 514, and the
molecular formula, C33H54O4, was determined by HRESIMS (m/z
537.3910 [M + Na]+, calc 537.3914). Compound 1 had absorption
bands at 3411 cm-1 (hydroxy), 1716 cm-1 (carbonyl), and 1655
cm-1 (olefinic) in the IR spectrum. The 1H and 13C NMR (DEPT)
spectra of 1 displayed signals of six tertiary methyl, two secondary
methyl, eight methylene, seven methine (three oxygenated), and

seven quarternary (two sp2 hybridized) carbon atoms, which
indicated that compound 1 was a pentacyclic triterpenoid possessing
a tetrasubstituted double bond (δ 141.4 and 139.0) and three
oxygen-bearing functional groups. These three functional groups
were deduced to be one acetoxy (δH 2.05, δC 21.3 and 170.8), one
methoxy (δH 3.21, δC 55.2), and one hydroxy.

The partial structure of 1 was solved by the HMBC correlations
of the protons of the eight methyl groups with the adjacent carbon
atoms (Figure 1), especially the correlations of CH3-27 (δ 0.93)
with C-12 (δ 33.8), C-13 (δ 37.0), C-14 (δ 43.9), and C-18 (δ
52.6), which suggested that C-27 had migrated to C-13 from C-14,
and C-26 had migrated to C-14 from C-8 of an ursane-type
triterpenoid. Thus, 1 was a pentacyclic triterpenoid with a bauerane
skeleton.9,10 Detailed analysis of other correlations in the HMBC
spectrum (Figure 1) determined the locations of the following
substituents: an acetoxy group at C-3, a methoxy group at C-11, a
hydroxy group at C-7, and a double bond between C-8 and C-9.

The relative configuration of 1 was elucidated by the 1H NMR
coupling constants and the NOE experiments. The 3J2,3 values (dd,
J ) 11.4, 4.2 Hz) showed that H-3 had an R-axial orientation. The
strong NOEs observed between H-11 (δ 3.48) and H-12� (δ 1.88)
(4%), H-25 (δ 0.92) (7%), and H-26 (δ 1.02) (4%) and between
H-7 (δ 4.20) and H-25 (δ 0.92) (3%), and H-26 (δ 1.02) (4%)
indicated that H-7 and H-11 were unambiguously in the �-orienta-
tion. Thus, compound 1 was assigned as 11R-methoxy-3�-acetoxy-
bauer-8-en-7R-ol. This new structure was confirmed by a single-
crystal X-ray diffraction study (Figure 2).

Compound 2 was obtained as a white powder, and its molecular
formula, C30H46O4, was established from HRESIMS (m/z 493.3281
[M + Na]+, calc 493.3288), 13C NMR, and DEPT spectra (Table
2). Compound 2 showed absorption bands at 3411 cm-1 (hydroxy),
1712 cm-1 (carbonyl), and 1660 cm-1 (olefinic) in its IR spectrum.
Six methyl singlets (δ 0.83, 0.96, 1.04, 1.16, 1.20, and 1.28), two
methyl doublets [δ 0.89 (d, J ) 6.0 Hz), 0.95 (d, J ) 6.0 Hz)] and
the other protons in the 1H NMR spectrum of 2 (Table 1) were
similar to those of the known compound 5, which indicated that 2
was a derivative of the pentacyclic triterpenoid 11-hydroxyurs-12-
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Figure 1. Important HMBC correlations of compounds 1, 2,
and 3.
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en-3-one.11 The carbon signals of 2 further confirmed the conclusion
due to the presence of an allylic alcohol moiety (CdCH-CHOH)
at C-11 (δ 68.2, CH), C-12 (δ 128.0, CH), and C-13 (δ 142.5, C),
which was similar to that of 5. The most significant differences in
the 13C NMR spectra of 2 and 5 were that two downfield oxygenated
carbons at δ 84.9 (CH) and 90.7 (C) appeared in 2 instead of a
methylene carbon at δ 39.4 and a methine carbon at δ 55.5 in 5.
From the molecular formula, C30H46O4, the unsaturation degree of
2 was eight; thus, apart from one carbonyl and one olefinic
functionality, the number of rings in 2 should be six, one of which
could be attributed to the presence of a peroxide bridge. In the
HMBC spectrum of 2, the correlations (Figure 1) of H-1 (δ 4.27)
with C-3 (δ 215.1); H-9 (δ 2.55) with C-1 (δ 84.9), C-7 (δ 41.2),

C-10 (δ 44.0), and C-25 (δ 15.9); H-23 (δ 1.16) with C-5 (δ 90.7),
C-4 (δ 52.8), C-3 (δ 215.1), and C-24 (δ 20.4); H-24 (δ 1.20) with
C-5 (δ 90.7), C-4 (δ 52.8), C-3 (δ 215.1), and C-23 (δ 22.6); and
H-25 (δ 1.04) with C-1 (δ 84.9), C-5 (δ 90.7), C-9 (δ 50.1), and
C-10 (δ 44.0) indicated a peroxide moiety attached to C-1 and C-5.
H-1 and H-11 were assigned �-orientations because of the NOE
correlations between H-1 (δ 4.27) and H-25 (δ 1.04) (6%) and
between H-11 (δ 4.22) and H-25 (δ 1.04) (8%), and H-26 (δ 0.96)
(4%). On the basis of the above evidence, the structure of compound
2 was determined as 1R,5R-dioxy-11R-hydroxyurs-12-en-3-one.

Compound 3 was obtained as a white powder. Its 13C NMR and
DEPT spectra showed 30 carbon signals including six methyl
singlets, two methyl doublets, 10 methylene, five methine (one
oxygenated), and seven quarternary carbon atoms (two oxygenated)
(Table 2). The carbon framework signals of 3 were more similar
to those of 2 rather than 1, especially for C-14 and C-26, which
indicated that 3, like 2, was an ursane-type pentacyclic triterpenoid
with three hydroxy groups. The presence of hydroxy groups was
confirmed by its IR spectrum due to a very strong absorption at
3431 cm-1. The 1H NMR spectrum of 3 was similar to those of
the known ursan-3�-ol and with six methyl singlets at δ 0.75, 0.82
(× 2), 0.97, 1.02, and 1.04, two methyl doublets at δ 0.94 (d, J )
7.2 Hz) and 1.05 (d, J ) 6.9 Hz),12,13 and a hydroxy-bearing
methine proton at δ 3.21 (dd, J ) 11.1, 5.1 Hz). Comparison of
the 13C NMR data of 3 with those of ursan-3�-ol showed that the
chemical shifts of both were similar, except those of the D-ring
carbon atoms, and C-27 and C-28: two oxygen-bearing quarternary
carbon signals appeared at δ 76.6 and 75.8 in 3, instead of two
methine signals at δ 39.2 (C-13) and 58.1 (C-18) in ursan-3�-ol.
The information mentioned above revealed that there was a 3�-
hydroxy group in 3, and the two other hydroxy groups were attached
to C-13 and C-18, respectively. In the HMBC spectrum of 3 (Figure
1), the correlations of H-27 (δ 0.82) with C-8 (δ 41.1), C-14 (δ
41.8), C-13 (δ 76.6), and C-15 (δ 34.5); H-28 (δ 1.04) with C-16

Figure 2. ORTEP drawing of 1. The solvent molecules are not
shown.

Table 1. 1H NMR Data of 1-3 (300 MHz (1, 3) or 400 MHz
(2) in CDCl3; δ in ppm, J in Hz)a,b

position 1 2 3

1R 1.48 m 4.27 t (2.8) 0.91 m
1� 1.52 m 1.72 m
2R 1.57 m 2.83 dd (18.8, 2.8) 1.55 m
2� 1.42 m 2.58 br d (18.8)
3 4.58 dd (11.4,4.2) 3.21 dd (11.1, 5.1)
5 1.70 m 0.79 m
6R 1.97 m 2.06 m 1.54 m
6� 1.93 m 1.86 m
7 4.20 br s 1.36 m 1.37 m
9 2.55 d (10.4) 1.42 m
11R 3.48 br d (4.8) 4.22 dd (10.4, 2.8) 1.27 m
11� 1.52 m
12R 1.93 m 5.26 d (2.8) 0.90 m
12� 1.88 m 1.64 m
15R 1.36 m 1.68 m 1.58 m
15� 1.24 m 1.11 m 1.08 m
16 1.28 m 1.54 m 1.32 m
18 1.28 m 1.25 m
19 1.13 m 1.46 m 1.10 m
20 1.24 m 2.06 m 1.61 m
21R 1.38 m 1.28 m 1.16 m
21� 1.48 m 1.52 m 1.58 m
22R 1.42 m 1.50 m 1.64 m
22� 1.53 m 1.61 m 1.86 m
23 0.93 s 1.16 s 0.75 s
24 0.89 s 1.20 s 0.97 s
25 0.92 s 1.04 s 0.82 s
26 1.02 s 0.96 s 1.02 s
27 0.93 s 1.28 s 0.82 s
28 1.06 s 0.83 s 1.04 s
29 1.03 d (6.5) 0.89 d (6.0) 0.94 d (7.2)
30 0.94 d (7.2) 0.95 d (6.0) 1.05 d (6.9)
OAc 2.05 s
OMe 3.21 s

a Assigned by 1H-1H COSY, HMQC, and HMBC spectra. b Some
1H peaks overlapped in the range δ 1.2–2.2; hence the coupling
constants could not be measured.

Table 2. 13C NMR Data of 1-3 (75 MHz (1, 3) or 100 MHz
(2) in CDCl3; δ in ppm)a

position 1 2 3

1 24.4, CH2 84.9, CH 38.7, CH2

2 25.8, CH2 29.7, CH2 27.4, CH2

3 80.7, CH 215.1, C 78.9, CH
4 37.0, C 52.8, C 38.7, C
5 43.7,CH 90.7, C 55.1, CH
6 28.8, CH2 21.1, CH2 18.4, CH2

7 63.9, CH 41.2, CH2 33.3, CH2

8 141.4, C 40.3, C 41.1, C
9 139.0,C 50.1, CH 50.5, CH
10 39.4, C 44.0, C 37.1, C
11 73.0, CH 68.2, CH 21.0, CH2

12 33.8, CH2 128.0, CH 23.2, CH2

13 37.0, C 142.5, C 76.6, C
14 43.9, C 42.2, C 41.8, C
15 32.3, CH2 26.6, CH2 34.5, CH2

16 37.9, CH2 41.3, CH2 29.2, CH2

17 31.5, C 33.9, C 43.2, C
18 52.6, CH 59.2, CH 75.8, C
19 36.0, CH 39.5, CH 28.5, CH
20 38.5, CH 40.3, CH 28.4, CH
21 29.6, CH2 31.1, CH2 23.2, CH2

22 33.5, CH2 28.0, CH2 38.7, CH2

23 27.9, CH3 22.6, CH3 28.0, CH3

24 16.7, CH3 20.4, CH3 15.4, CH3

25 20.3, CH3 15.9, CH3 15.9, CH3

26 18.8, CH3 16.0, CH3 16.5, CH3

27 22.9, CH3 23.1, CH3 17.9, CH3

28 32.0, CH3 28.7, CH3 18.4, CH3

29 25.4, CH3 17.3, CH3 15.9, CH3

30 21.3, CH3 26.1, CH3 19.1, CH3

OAc 21.3, CH3, 170.8, C
OMe 55.2, CH3

a Assigned by 13CNMR, DEPT, HMQC, and HMBC spectra.
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(δ 29.2), C-17 (δ 43.2), C-18 (δ 75.8), and C-22 (δ 38.7); and
H-29 (δ 0.94) with C-18 (δ 75.8), C-19 (δ 28.5), and C-20 (δ 28.4)
provided further evidence for the above.

The relative configurations of C-13 and C-18 were determined
as follows: the reaction between 3 and anhydrous acetone did not
occur at all, in spite of catalysis by pyridinium p-toluenesulfonate,14

which suggested that the two hydroxy groups had opposite
orientations. Furthermore, 13-OH was deduced to be in the
R-orientation and 18-OH in the �-orientation due to the upfield
shift of C-27 and C-28 from δ 23.3 and 28.1 in ursan-3�-ol to δC

17.9 and 18.4 in 3 in the 13C NMR spectrum, just as the chemical
shift of C-24 (δ 15.4) was more upfield than that of C-23 (δ 28.0)
on account of the field effect of 3�-OH. Therefore, the structure of
3 was determined as urs-3�,13R,18�-triol.

Compounds 4–6 were identified as 11R,12R-epoxy-D-friedours-
14-en-3�-ol,15 11R-hydroxyurs-12-en-3-one,11 and urs-12-ene-
3�,28-diol,16 respectively, by comparing their spectroscopic data
with literature values.

The antimicrobial activities of triterpenoids 1-6 were tested
against E. coli, C. albicans, P. aeruginosa, E. faecalis, B. cereus,
and S. aureus. The results (Table 3) indicated that compounds 2
and 4 possessed modest activity against the six kinds of microor-
ganisms. Compound 5 showed modest activity, comparable with
that of 2 and 4, against E. faecalis and S. aureus. However,
compounds 1, 3, and 6 exhibited only weak activity against the
microorganisms.

It should be emphasized that compound 2 exhibited selective
activity against S. aureus with an MIC value of 14.9 µM/L and
gave the lowest MIC against a wide range of test microorganisms
used. Compound 4 gave an inhibition value almost the same as
those of 2 against E. coli, C. albicans, P. aeruginosa, and E.
faecalis. The difference in activities among compounds 1–6 may
stem from the different substituents. Compound 2 has a peroxide
bond, a carbonyl group, and an allylic alcohol group, and compound
4, an epoxy, a hydroxy group, and double bond, while compound
5 possesses a carbonyl group and an allylic alcohol group, which
suggested that the peroxide and epoxy functionalities may be active
moieties for antimicrobial activity. At the same time, the result
showed that triterpenoids could be antimicrobial-active components
of V. muliensis.

Experimental Section

General Experimental Procedures. Melting points were determined
on an X-4 digital display micromelting point apparatus and are
uncorrected. Optical rotations were measured on a Perkin-Elmer 341
polarimeter. IR spectra were recorded on a Nicolet NEXUS 670 FT-
IR spectrometer. NMR spectra were recorded on Varian Mercury-
300BB NMR (300 MHz) and Varian Mercury plus-400 (400 MHz)
spectrometers with TMS as internal standard. EIMS data were obtained
on an HP5988AGCMS spectrometer. HRESIMS data were measured
on a Bruker Daltonics APEX II 47e spectrometer. The X-ray crystal-
lographic data were collected on a Bruker Smart CCD diffractometer
using graphic-monochromated Mo KR radiation. Silica gel (200–300
mesh) used for CC and silica gel GF254 (10–40 µ) used for TLC were
supplied by Qingdao Marine Chemical Factory, Qingdao, P. R. China.

Spots were detected on TLC under UV light or by heating after spraying
with 5% H2SO4 in C2H5OH (v/v).

Plant Material. The rhizome of V. muliensis was collected from
Muli Autonomic County of Sichuan, China, in August 2004, and
authenticated by Prof. Guoliang Zhang from the School of Life Science,
Lanzhou University. A specimen (No. 20040814) was deposited at the
Natural Product Laboratory of the College of Chemistry and Chemical
Engineering, Lanzhou University.

Extraction and Isolation. The air-dried rhizome of V. muliensis
(6.25 kg) was pulverized and extracted with MeOH (× 3, 7 days each
time) at room temperature. The solvent was evaporated under reduced
pressure to give an extract (618 g), which was suspended in hot H2O
(60 °C, 1500 mL). This suspension was extracted successively with
petroleum ether, EtOAc, and n-BuOH. The petroleum ether soluble
fraction was concentrated under reduced pressure to afford a residue
(190 g), which was subjected to Si gel column chromatography
(200–300 mesh, 1200 g) with a gradient of petroleum ether-EtOAc
(100:0, 50:1, 30:1, 10:1, 5:1, 2:1) as eluent, and six fractions (A, B, C,
D, E, and F) were collected according to TLC analysis. Fraction D
(2.3 g) was separated on a Si gel column (200–300 mesh, 50 g) eluting
with CHCl3-EtOAc (20:1) to afford crude crystals of 1, which were
recrystallized from MeOH-acetone to give 1 (20 mg). The EtOAc-
soluble fraction was concentrated under reduced pressure to afford a
residue (180 g), which was subjected to Si gel column chromatography
(200–300 mesh, 1200 g) with a gradient of petroleum ether-acetone
(100:0, 50:1, 30:1, 10:1, 5:1, 2:1) as eluent, and six fractions were
collected according to TLC analysis. The petroleum ether-acetone
fraction of elution (30:1, 20 g) was separated on a Si gel column
(200–300 mesh, 100 g) with petroleum ether-EtOAc (10:1, 5:1, 2:1)
and a mixture was obtained. The mixture (150 mg) was further separated
on a Si gel column (200–300 mesh, 3 g) eluting again with petroleum
ether-acetone (15:1) to give compound 3 (14 mg). The petroleum
ether-acetone fraction (10:1, 8 g) was separated on a Si gel column
(200–300 mesh, 100 g) with petroleum ether-EtOAc (10:1) as eluent
to obtain 6 (1.2 g) and a mixture of 2, 4, and 5 (60 mg). The mixture
was separated by Si gel column chromatography (200–300 mesh, 2 g)
with CHCl3-EtOAc (20:1) to obtain 2 (2 mg), 4 (3 mg), and 5 (10
mg).

11r-Methoxy-3�-acetoxybauer-8-en-7r-ol (1): colorless crystals;
mp 250–251 °C (MeOH-acetone). [R]20

D -6 (c 0.10, CHCl3); IR(KBr)
νmax 3411, 1716, 1655 cm-1; 1H NMR (300 Hz) see Table 1; 13C NMR
(DEPT) (75 Hz) see Table 2; EIMS m/z (rel int) 514 [M]+ (4), 496
(3), 483 (1), 397 (3), 289 (2), 278 (2), 173 (2), 149 (3), 135 (5), 123
(11), 109 (9), 84(28), 43 (100). HRESIMS m/z 537.3910 ([M + Na]+,
calcd for C33H54O4Na, 537.3914).

1r,5r-Dioxy-11r-hydroxyurs-12-en-3-one (2): colorless solid; mp
223–224 °C (acetone); [R]20

D +26 (c 0.10, CHCl3); IR(KBr) νmax 3410,
1712, 1660 cm-1; 1H NMR (400 Hz) see Table 1; 13C NMR (DEPT)
(100 Hz) see Table 2; EIMS m/z (rel int) 454 (10), 436 (4), 340 (9),
325 (3), 231 (4), 161 (6), 121 (15), 107 (20), 69 (4), 55 (6), 43 (100);
HRESIMS m/z 493.3281 ([M + Na]+, calcd for C33H54O4Na, 493.3288).

Urs-3�,13r,18�-triol (3): colorless solid; mp 213–215 °C (acetone);
[R]20

D +10 (c 0.10, CHCl3); IR (KBr) νmax 3431 cm-1; 1H NMR (300
Hz) see Table 1; 13C NMR (DEPT) (75 Hz) see Table 2; EIMS m/z
(rel int) 442 (4), 207 (3), 189 (4), 175 (3), 161 (7), 152 (26), 135 (17),
121 (16), 109 (21), 95 (27), 81 (39), 71 (48), 55 (42), 43 (100);
HRESIMS m/z 461.3985 ([M + H]+, calcd for C30H53O3, 461.3989).

X-ray Crystal Structure Analysis of 1.17 A crystal of 1 with
dimensions 0.31 × 0.19 × 0.10 mm was selected for X-ray analysis.
Structure analysis was performed using the SHELEXTL-97 program
on a PC. Data were collected over a hemisphere of reciprocal space,
by a combination of three sets of exposures. The compound crystallized
in the monoclinic space group C2, with a ) 32.341(14) Å, b ) 8.429(3)
Å, c ) 12.051(5) Å, � ) 95.82(3)°, V ) 3268(2) Å3, Z ) 4, Dcalc )
1.156 g/cm3, λ ) 0.71073 Å, µ(Mo KR) ) 0.079 mm-1, F(000) )
1244, and T ) 294(2) K. The SMART program was used to make
data corrections. A total of 8787 reflections, collected in the range 1.70°
e θe 25.50°, yielded 5712 unique reflections. The structure was solved
using direct methods and was refined by full-matrix least-squares on
F2 values for 3572 I > 2σ(I). Non-hydrogen atoms were refined
anisotropically. Hydrogen atoms were fixed at calculated positions and
refined using a riding mode. The final indices were R ) 0.0608, Rw )
0.0829 with goodness-of-fit ) 1.856. Scattering factors were taken from
International Tables for X-ray Crystallography.18

Table 3. Antibacterial Activity of Compounds 1-6

MIC(µM/L)

compound
E.

coli
C.

albicans
P.

aeruginosa
E.

faecalis
B.

cereus
S.

aureus

1 89.5 89.5 44.7 89.5 178.9 89.5
2 31.9 31.9 31.9 31.9 63.8 14.9
3 140.0 69.6 140.0 50.0 140.0 69.6
4 36.3 36.3 36.3 36.3 72.7 72.7
5 70.4 70.4 70.4 35.2 70.4 35.2
6 142.5 282.8 282.8 142.5 282.8 70.1
ofloxacin 0.43 NTa 0.43 0.86 0.86 0.43

a NT, not tested.
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Antimicrobial Assay. The antimicrobial assay was done by the cup-
plate method. Sample solutions (0.1–500 µM/L) were prepared by
dissolving each compound in DMSO. Ofloxacin (purchased from
Beijing Second Pharmaceutical Factory, Beijing, China) was used as a
positive control. S. aureus, E. coli, P. aeruginosa, B. cereus, and E.
faecalis were cultured in MH agar plates at 37 °C for 24 h; C. albicans
was cultured in PDA agar plates at 28 °C for 48 h (all bacteria were
purchased from Heilongjiang Province Microorganism Research In-
stitute, Heilongjiang, China). The cultures were then diluted and
adjusted to about 1 × 107 CFU/mL in agar medium in dishes. A series
of sterile blank cups (8 mm × 10 mm) were placed onto the agar
surface, and sample solutions of different concentration were transfused
into the cups (each 0.2 mL). The dishes were incubated according to
the above conditions. The broth microdilution method was used to
determine the minimum inhibitory concentration (MIC). At the lowest
concentration of the sample, the microorganisms did not show growth
as judged by the presence of turbidity, and MTT was used to measure
absorbance at 570 nm. Each test was performed in duplicate and
repeated three times.
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