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By using brine shrimp (Artemia salina) lethality test-guided fractionation, a single bioactive compound
(LC50=26 ppm) was isolated from the 95% ethanol extract of the dried aerial parts of Impatiens balsami-
na L. and subsequently identified as 2-methoxy-1,4-naphthoquinone (MNQ). The structure of MNQ was
confirmed by UV, FT-IR, MS, and 1-and 2-D NMR spectroscopy. The antimicrobial activity of MNQ
was evaluated using 12 bacterial and eight fungal strains. Five gram-positive and two gram-negative bac-
teria as well as all eight fungi (including multi-drug resistant strains) tested were highly sensitive to
MNQ. A tea prepared according to traditional methods was found to contain sufficient MNQ to account
for its antimicrobial properties. Copyright ! 2001 John Wiley & Sons, Ltd.
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INTRODUCTION

For centuries, preparations from the aerial parts of
Impatiens balsamina L. (Balsaminaceae) have been used
in traditional Chinese medicine for antimicrobial, anti-
rheumatic, antipruritic and antitumoural purposes as well
as for the treatment of difficult labour and puerperal pain
(Cai, 1996; Huang, 1998). Many compounds have been
isolated from I. balsamina including phenolics (Bohm
and Towers, 1962), flavonols (Clevenger, 1958; Hagen,
1966a), anthocyanin pigments (Hagen, 1966a, 1966b),
quinones (Glennie and Bohm, 1965; Chapelle, 1974) and
saponins (Shoji et al., 1983, 1994a, 1994b, 1994c). While
the antipruritic and antianaphylactic properties of some
compounds (particularly phenolics and quinones) from
this plant have been studied extensively (e.g. Fukumoto
et al., 1996; Oku and Ishiguro, 1999), the phytochemical
bases of other traditional uses of I. balsamina extracts
have received little attention (Kang and Moon, 1992).
Traditionally, the dried herb is either boiled in water to
make a tea used to treat systemic bacterial and fungal
infections or applied directly on the skin or nails in a
plaster form to treat local infections. In this paper, we
report on the isolation and identification of an anti-
microbial principle from I. balsamina and its quantifica-
tion in a traditional tea preparation.

MATERIALS AND METHODS

General. Silica gel 60 (0.040–0.063 mm, 230–400 mesh,
EM Sciences) was used for column chromatography.
Silica gel 60F254 was used for analytical thin-layer
chromatography (TLC). TLC plates were visualized
under UV light (! = 254 nm) and then dipped in
molybdate solution [10 g of (NH4)6Mo7O24 ! 4H2O and
10 mL H2SO4 dissolved in 90 mL H2O and diluted with
CH3OH (1:1)] and heated with a heating gun. NMR
spectra were recorded in CDCl3 on a Varian Mercury
400 MHz spectrometer. UV and FT-IR spectra were
recorded on an Ultraspec 2000 UV/visible spectro-
photometer (Pharmacia Biotech) and a BOMEM (Hart-
mann & Braun) spectrometer, respectively. EIMS were
recorded on a Finigan MAT MS (Model 8200). HPLC
was performed on a Beckman Gold Nouveau system
equipped with a photodiode array detector, using a
Nucleosil C18 reversed phase column (5 !m, 3.9 "
150 mm).

Plant material. The dried aerial parts of I. balsamina
were purchased in 1998 from a market in Zhengzhou,
Henan Province, P. R. China, and authenticated by the
senior Chinese herbalist, Dr Wanting Zhang, Department
of Chinese Herbal Medicine, Henan Medical University,
P. R. China.

Extraction and fractionation of antimicrobial com-
pounds. Dried, ground aerial parts of I. balsamina (40 g)
were extracted with 95% ethanol (1.5 L) in a soxhlet
extractor overnight. The crude extract was concentrated
to aqueous in vacuo at #40°C, and partitioned three
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times with an equal volume of dichloromethane. The
dichloromethane solubles were concentrated and washed
sequentially with equal volumes of acidic (pH 2–3) and
basic (pH 10–11) H2O. The organic layer was dried with
Na2SO4, concentrated in vacuo and partitioned between
hexanes and 90% aqueous methanol (1:1). The 90%
methanol fraction was chromatographed on silica gel
(1.9 " 32 cm) using a stepwise gradient (300 mL each) of
hexanes, hexanes–dichloromethane (2:1, 1:1, 1:2 and
1:4), dichloromethane, dichloromethane–methanol (99.8:
0.2, 99.6:0.4, 99.2:0.8 and 98:2) and finally methanol.
Fractions (50 mL) were collected and bioassayed using
the brine shrimp lethality test (see below). The most
active fractions showing similar compound patterns on
TLC, (i.e. fr. 31–34) were pooled and yielded pure
compound 1 (8.5 mg) upon recrystallization from pure
methanol.

Compound 1: 2-Methoxy-1,4-naphthoquinone (MNQ):
MP (uncorrected) 183°–185°C (Lit.: 183°C; Chapelle,
1974); UV !MeOH(log "), 243 (4.2), 248 (4.21), 274 (4.18)
280 (sh), 330 (3.46); FT-IR (KBr pellet) Vmax (cm$1)
1682, 1649, 1606, 1244. EIMS m/z (intensity) 188 [M]%

(100), 158 (47), 102 (60), 89 (85). Exact mass, 188.047
(calculated: 188.047). CIMS m/z (intensity) 189 [M %
1]% (100). 1H- and 13C NMR (see Table 1). HETCOR
#C,#H (C,H), 134.6, 7.75 (C-6, H-6), 133.6, 7.71 (C-7,
H-7), 127.0, 8.12 (C-5, H-5), 126.4, 8.08 (C-8, H-8).

Bioassays. Each stage of the isolation process and all
column fractions were monitored by the brine shrimp
lethality test (BSLT) essentially as described by Meyer et
al. (1982). Briefly, 30 2-day-old shrimp (3 replicates of
10 shrimp each) were incubated with test compound (10–
1000 ppm) in 5 mL artificial seawater at room tempera-
ture. The number of surviving shrimp was counted after
24 h. Dimethylsulphoxide (up to 7% v/v) or methanol (up
to 3% v/v) were used as carrier solvents or as solvent
controls. Up to 5% (v/v) Tween 20 or Tween 80 was used
as required. LC50 values were calculated based on
Bancroft’s statistics, using the method of Reed and
Muench (Ipsen and Feigl, 1970).

For antimicrobial assays: a two-step assay process
including a preliminary disc diffusion assay and sub-

sequent broth dilution assay was used for minimum
inhibitory concentration (MIC) and minimum lethal
concentration (MLC) determinations for bacteria and
fungi, respectively (Jorgensen et al., 1999). Only those
strains sensitive to the isolated bioactive compound in the
disc diffusion assay were used in the broth assay.

Twelve bacterial strains were used in this study
including gram-positive cocci (Staphylococcus aureus
236 and S. aureus Cowan), gram-positive rods (Bacillus
cereus, B. megaterium and B. subtilis 168), gram-
negative rods (Aeromonas salmonicida A449, Burkhol-
deria cepacia, Enterobacter aerogenes 62-1, Escherichia
coli B, Proteus mirabilis, and Salmonella typhimurium),
and gram-negative helical cells (Aquaspirillum serpens
VHL). All bacterial cultures were retrieved from culture
collections in the Department of Microbiology and
Immunology at the University of Western Ontario,
Canada, and grown in tryptic soy broth (TSB) at 37°C
(17°C for A. salmonicida), except A. serpens, which was
grown in peptone-succinate acid-salts (PSS) broth at
30°C (Krieg, 1984).

Antibacterial disc diffusion assays were carried out on
TSA plates, except for those with A. serpens, for which
yeast extract-peptone-sodium acetate-cysteine (YPSC)
agar was used (Koval and Murray, 19811981). Aliquots
(0.25 mL) of broth cultures were spread over the surface
of an agar plate with a sterile glass rod. Immediately,
paper discs (8.0 " 1.5 mm) previously impregnated with
30 !g of either test compound or controls (i.e. anti-
microbial standard) or carrier solvent (DMSO) alone,
were placed on the surface of the agar plates. The plates
were incubated until the bacterial lawns had grown. This
was usually 16–18 h except for A. salmonicida and A.
serpens, which grew more slowly and required 48 h to
form a lawn. The diameter of the zone of complete
inhibition, including the diameter of the disc, was
measured to the nearest whole millimeter.

For bacterial MIC assays, shake cultures were initially
grown overnight (i.e. 16 h) in the media described above,
except for A. salmonicida and A. serpens, which were
grown for 48 h. For the assay, bacteria were then
inoculated (2%, v/v) into broth medium and grown until
mid-exponential phase (about 3–4 h for most bacteria).
The turbidity was then adjusted to match that of a 0.5
McFarland standard (approximately 108 CFU/mL). The
MIC values were determined in sterile microtitre plates
as described by Jorgensen et al. (1999) using a two-fold
serial dilution series ranging from 0.0625 to 256 !g/mL.
Dimethylsulphoxide and chloramphenicol were used as
solvent and positive controls, respectively. Microtitre
plates were incubated at the same temperatures as
indicated above, until turbid. The lowest concentration
of the compound that inhibited bacterial growth (i.e.
showed no turbidity) was recorded as its MIC value.
Assays were performed in triplicate, with identical
results. Samples of completely inhibited dilution cultures
were plated out on TSA (or YPSC in the case of A.
serpens) plates containing no antibiotic to delineate
between bactericidal or bacteriostatic action.

The fungi used in this study included, Fusarium
oxysporum Schlechtendah (strain 6448), Aspergillus
fumigatus Fresenium (Strain FR2837), Microsporum
gypseum (Bodin) Guiart et Grigorakis (strain FR2385),
Trichophyton mentagraphys (Robin) Blanchard (strain
T2379) and Candida albicans (Robin) Berkhout strains
al-1, al-2, CA1N and D10, from the collection of M. L.

Table 1. Proton (1H) and carbon (13C) NMR spectral data
of 2-methoxy-1,4-naphthoquinone (compound 1). Data were
recorded on a Varian Mercury 400 MHz in CDCl3. The
unambiguous assignment of H-5, H-6, H-7 and H-8 was
achieved using HETCOR analysis (see Materials and
Methods)

!"#$%& &'($)#

!*)(+,"- .*+/0 1#2 33( 1452

67! 64

!86 69:;< =
!8> 6?:;? =
!87 66:;6 ?;6@ !
!8< 69A;6 =
!8A 6>@;: 9;6> "" 16;?B @;?2
!8? 67<;? @;@A "# 16;?B @;?2
!8@ 677;? @;@6 "# 16;?B @;?2
!89 6>?;< 9;:9 "" 16;?B @;?2
!8C 676;7 =
!86: 67>;7 =
!866 A?;@ 7;C: !

ANTIMICROBIAL COMPOUND FROM IMPATIENS BALSAMINA 677

Copyright ! 2001 John Wiley & Sons, Ltd. Phytother. Res. 15, 676–680 (2001)



Smith and were maintained and cultured as described
(Omar et al., 2000). In brief, fungal strains were grown on
Sabouraud’s medium with 2% glucose at 30°C. For
filamentous fungi, 1–2 cm2 was cut from the actively
growing mycelium and blended in 5 mL sterile deionized
water in a water-cooled blender, diluted 1:1 with 2"
liquid Sabouraud’s broth and incubated overnight at
30°C. An inoculum of each yeast strain was prepared
from an overnight culture adjusted to an OD of
approximately 2.0 at 600 nm. Dimethylsulphoxide and
amphotericin B were used as solvent and positive
controls, respectively. Disc diffusion and dilution assays
were performed as described above.

HPLC analysis. The high-performance liquid chromato-
graphy (HPLC) conditions were a gradient of solvent B
[MeOH:CH3CN:H2O (1:1:1)] in A (1.5% H3PO4) from
10% to 75% over 60 min to elute compounds from the
column. The flow rate was 1 mL/min, and the eluent was
monitored at 280 nm. The detector was calibrated at
280 nm with the purified bioactive compound, MNQ 1.

Tea preparation and analysis. Six grams of dried I.
balsamina were boiled in 200 mL water for 2h to make a
tea. The amount of MNQ 1 in the crude tea extract was
quantified on HPLC as above. The antimicrobial activity
of this crude extract (equivalent to 30 !g of MNQ 1) was
compared with pure MNQ 1 (30 !g) and chlorampheni-
col (30 !g) in a disc diffusion assay with the bacterium S.
aureus Cowan as described above.

RESULTS AND DISCUSSION

The isolation of a single bioactive compound (LC50 =
26 ppm) from the 95% ethanol extract of the dried aerial
parts of I. balsamina was achieved by bioactivity-guided
solvent–solvent partitioning and column chromatogra-
phy, followed by recrystallization from methanol. This
compound, representing at least 0.02% of the dry weight
was subsequently identified as 2-methoxy-1,4-naphtho-
quinone (MNQ) 1, a known constituent of I. balsamina
(Chapelle, 1974; Kang and Moon, 1992; Ishiguro et al.,
1998). The identification of MNQ was achieved by a
combination of UV, FT-IR, MS (see Materials and
Methods) and 1H- and 13C-NMR spectroscopy (Table 1).
All spectral data were consistent with the literature
(Chapelle, 1974; Ishiguro et al., 1998). Significantly,
HETCOR analysis allowed the unambiguous assignment
of all proton signals. While several other column
fractions showed significant bioactivity with the BSLT
(LC50 ! 100 ppm), the amount of compound present in
them was very low (e.g. less than 0.5 mg) and their
isolation in sufficient quantity for bioassay was not
achieved. We found only traces of 2-hydroxy-1,4-
naphthoquinone (by HPLC), a previously reported
naphthoquinone derivative constituent of I. balsamina
(Glennie and Bohm, 1965), but found no activity in the
brine shrimp lethality assay using commercially available
material (data not shown).

It has been previously reported that MNQ 1 possesses
potent antimicrobial activity (Kang and Moon, 1992), but
the study used a more limited series of organisms: only
two bacterial strains (B. subtilis and Salmonella typhi-
murium) and four fungi (C. albicans, Aspergillus niger,

Cryptococcus neoformans and Epidermophyton floccus-
sum). We have extended these results by using 12
bacterial strains (including representative gram-positive
and gram negative ones) and eight human pathogenic
clinical fungal isolates.

Preliminary disc diffusion assays indicated that seven
of the 12 bacterial strains showed sensitivity to MNQ 1 at
the 30 !g level (data not shown) and these were further
tested to determine MIC values (Table 2). Thus, all five
gram-positive bacteria and two of the gram-negative ones
were sensitive to MNQ 1. The increased sensitivity of
gram-positive bacteria over gram-negative ones was
noted earlier (Kang and Moon, 1992), albeit using only
one representative organism from each group. Of the five
gram-negative strains that were insensitive to MNQ 1,
only two (B. cepacia and S. typhimurium) were sensitive
to chloramphenicol. The remaining three (Enterobacter
aerogenes, Eschericia coli and P. mirabilis) showed no
inhibition to either compound at 30 !g/mL. Of particular
note, however, is the gram-negative bacterium Aero-
monas salmonicida A449, which was acutely sensitive to
MNQ 1 but almost unaffected by chloramphenicol (Table
2). In fact, with 30 !g/mL chloramphenicol, A. salmoni-
cida showed no growth inhibition in the disc diffusion
assay (data not shown). Otherwise, the antibacterial
activity of MNQ 1 was slightly less than that of chlor-
amphenicol on the organisms tested in the dilution broth
assay. Replating of the broth samples showing com-
plete inhibition of growth by MNQ 1 onto agar plates
resulted in no further growth by the bacteria, indicating a
bactericidal action, rather than a bacteriostatic one, for
MNQ 1. The next step will be to test MNQ 1 against
clinically relevant pathogenic bacteria to determine its

Table 2. Minimum inhibitory concentration (MIC) values
for 2-methoxy-1,4-naphthoquinone (MNQ 1) and chloram-
phenicol against selected bacterial strains
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Table 3. Minimum lethal concentration (MLC) values for
2-methoxy-1,4-naphthoquinone (MNQ 1) and amphotericin
B against selected fungal pathogens
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potential value as an antibacterial agent, as well as to
evaluate its potential in the aquaculture industry (i.e.
given the acute sensitivity of the fish pathogen A.
salmonicida to MNQ 1).

The antifungal activity of MNQ 1 was evaluated using
eight human pathogenic fungal strains (Table 3).
Interestingly, MNQ 1 appeared more effective than
amphotericin B on all the strains tested except for C.
albicans al-2. The more important finding, however, was
that MNQ was effective against amphotericin B and
fluconazole resistant strains of C. albicans, F. oxysporum,
M. gypseum and T. mentagrophytes. Thus the potential
for MNQ 1 to be used as an antifungal agent has been
demonstrated in vitro, and now must be demonstrated in
vivo before any further steps can be taken toward its use
in treating fungal infections.

Based on quantitative HPLC analysis, a traditional
preparation of I. balsamina was found to contain 16.5 !g/
mL of the antimicrobial principle, MNQ 1 (Fig. 1), which
is well within the MIC/MLC range for most microorgan-
isms tested (Tables 2, 3). The large peak at approximately
26.3 min in the chromatogram representing the crude tea
(Fig. 1a) is assigned to MNQ 1 based on its co-elution
with the authentic compound (Fig. 1b) and the match of
its UV spectrum obtained with the photodiode array

detector used (data not shown). Furthermore, the in vitro
antimicrobial activity of this same tea was readily
observed in a disc diffusion assay (Fig. 2) using a
representative organism, S. aureus that had shown mid-
range sensitivity to pure MNQ 1 in the MIC estimates
(Table 2).

From this we conclude that the antimicrobial activity
of I. balsamina is in large part due to the presence of
MNQ 1 in its dried aerial tissues, and provide evidence
consistent with the traditional uses of this herb. These
findings, that I. balsamina contains at least one major
antimicrobial component, MNQ 1, are in agreement with
earlier results (Kang and Moon, 1992). Moreover, we
now demonstrate that this compound is present in
sufficient quantity in traditional preparations to account
for its in vivo activity. This has significant implications
for the use of MNQ 1 as an antimicrobial treatment,
especially since it has been used in China for centuries
and does not show any apparent side effects. 2-Methoxy-
1,4-naphthoquinone, or a crude I. balsamina extract
containing it, may yet prove to be a useful alternative for
the treatment of systemic fungal infections, particularly
those involving multi-drug resistant strains.
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$+%".."[ /%# ",0+]) 3-"&0 ,%&.0+0')&0.; C)%5#% ;." !/U 76V
7<;
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105%; <.#-%'."-*5 /"U <C@7V<C9?;
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