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Abstract

The plantPlumbago zeylanica L. is a semi-climbing shrub that grows throughout Asia and Africa. In our previous sRughglanica L.
exhibited high antHelicobacter pylori and good bactericidal activities over a wide pH range (pH 2-7). Plumbagin — the major ingredient
derived from the roots aP. zeylanica L. — is a haphthoquinone compound. In this study, we investigated plumbagind.gntleri activity
and developed a reversed-phase high-performance liquid chromatography (HPLC) method for quantification of plumb&gieyfioriaa
L. We also observed that plumbagin has strong &ntpylori activity, with 0.02—0.16 mg/ml as minimum inhibitory concentrations and
0.16-1.28 mg/ml as minimum bactericidal concentrations. Reversed-phase HPLC was performed with a gradient mobile phase composed of
water and methanol, and peaks were detected at 254 nm. Standard curves were linearized in the range of fromugyinib (2&@ression
coefficientr? = 0.99995). After spikes of 50, 100, and 356/ml of plumbagin standard solution, recovery rates were between 97.45 and
99.24%. Both intra- and inter-day precisions had coefficient variation of less than 1% at concentrations of 50, 100,.gfrdI1%8e limits
of detection and quantitation were 0.02 and Qu@éml, respectively. Based on validation results, this analytical method is a precise, accurate
and stable method to quantify plumbagin derived flBreeylanica L.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction antimicrobial[2,6,7], antihyperglycemi¢8], insecticida[9],

antiallergic[10], central nervous system stimulatgtyl] and
Plumbago zeylanica L. is a semi-climbing shrub that cytotoxic properties (last against tumor ce[ts2].

grows throughout Asia and Africa. This plant is distributed in In our previous study, we found zeylanica L. has strong

thickets and grasslands at low elevations in TaifdnThe antibacterial and bactericidal activities agaifsticobacter

whole plant and its roots have been used as a folk medicinepylori, with low minimum inhibitory concentrations (MICs)

for the treatment of rheumatic pain, dysmenorrhea, carbun-and minimum bactericidal concentrations (MBCs), with bac-

cles, contusion of the extremities, ulcers and elimination of tericidal activity over a wide pH range (pH 2-7) and with

intestinal parasitel?]. In traditional Indian medicine?, zey- good stability over the range of pH 14I3]. H. pylori is
lanica L. has been assigned medicinal properties and is usedassociated with a wide spectrum of gastroduodenal diseases.
in formulations for a number of ayurvedic compourd@s Infection with H. pylori is now recognized as the primary

In Africa, P. zeylanica L. is used in southwestern Nigerian cause of type B gastritis, arfdl pylori gastritis is strongly

folk medicine for parasitic diseases, scabies and ulggrs  associated with gastric and duodenal uldéss15] A great

Pharmacological studies carried out by several workers havedeal of epidemiological data show that high prevalence of

indicated thaf. zeylanica L. extract has antiplasmodigi], H. pylori infection might be related to high rates of gastric

cancer and gastric adenocarcinojhé—18]

mpondmg author. Tel.: +886 4 22840385x4220; Compound; isolated frorR zeylanica L are co_mposed .

fax: +886 4 22854053. of naphthoquinones such as plumbagin, 3,3-biplumbagin,
E-mail address: ycwang@dragon.nchu.edu.tw (Y.-C. Wang). 3-chloroplumbagin, chitranone, elliptinone, and isoshi-

0021-9673/$ — see front matter © 2005 Elsevier B.V. All rights reserved.
doi:10.1016/j.chroma.2005.07.092



100 Y.-C. Wang, T.-L. Huang / J. Chromatogr. A 1094 (2005) 99-104

0 OH Sigma—Aldrich (Seelze, Germany), tryptic soy broth (TSB)
from Difco (Sparks, MD, USA), Columbia agar from
bioMérieux (I'Etoile, France) and a gas generating kit from
Oxoid (Basingstoke, UK). Chemicals were reagent grade.

2.2. Bacterial strains

FiveH. pylori strains, BCRC 17021, 17023, 17026, 17027

and 15415, were obtained from the Bioresources Collection

Y and Research Center (BCRC), Hsinchu, Taiwan, ROC, which
is a member of the World Federation for Culture Collections

ig. 1. f pl in. .
Fig. 1. Structure of plumbagin (WFCC) since 1984.

nanolone; and coumarins such as seselin, 5-methoxyseseling. 3. Bacterial cultivation

suberosin, and xanthyletif6,19-22] Other compounds

such as 2,2-dimethyl-5-hydroxy-6-acetylchromene, plumba-  The five strains oH. pylori were cultured in 5 ml tryptic

gin acid, B-sitosterol3-sitosteryl glucoside, bakuchiol, 12-  soy broth (each liter containing: a pancreatic digest of casein
hydroxyisobakuchiol, saponaretin, isoorientin, isoaffinetin (17 g), an enzymatic digest of soybean meal (3g), dextrose
and psoralen have also been isolated and iden{ifig@®2] (2.5g), sodium chloride (5g) and dipotassium phosphate
Of these compounds, plumbagin is a major ingrediert of (2.5 g); pH 7.3), with Columbia agar (each liter containing:
zeylanica L. [6,21-23]derived from the roots of the plant. bio-polyone (10 g), bio-lysat (10 g), bio-myotone (3 g), corn
Both in vitro and in vivo studies of plumbagin have indicated  starch (1 g), sodium chloride (5 g) and agar (13.5g); pH 7.3)
that the compound exhibits high levels of bioactivities such slant containing 5% (v/v) defibrinated sheep blood formed at
as anti-tumor[23], anti-hepatomd24], anti-intestinal car-  the bottom of the test tube. The broth was then incubated in
cinogenesig25], antimicrobial[6,21,26,27]and increased  a microaerophilic jar system (BBL, Sparks, BD, USA), fea-
macrophage bactericid$28] properties. The structure of  turing a gas composition of 5%JGnd 10% CQ in air (an

plumbagin is shown ifFig. l o Oxoid BR 056A gas-generating kitwas used for this purpose),
Therefore, we hypothesized that plumbagin might be the at 37°C for 72 h. The cell suspension was then diluted with
major contributor to the observed afi-pylori activity of P 0.1% peptone to provide a cell concentration of 0.5-11°

zeylanica L. A normal-phase HPLC method for quantifica- CFU/ml for antimicrobial testing.

tion of plumbagin fromP. zeylanica L. had been reported by

Gupta et al[22], which ap.Spherogel column was chosed, & 2.4, Minimum inhibitory concentration (MIC) testing

mobile phase composed efhexane-choloform-2-propanol

(30:70:2, viviv) was eluted. The results shown that plumba-  MICs for plumbagin against the five strains Bf pylori

gin was not completely separeted with another compound were examined. A broth-dilution meth¢®9] was used for

derived from P zeylanica L., 2,2-dimethyl-5-hydroxy-6-  MIC testing. Plumbagin was dissolved with dimethylsulfox-

acetylchromene, and base line shifted. The quantity detectedde (DMSO) and diluted with two-fold dilutions of Columbia

was low, 0.032%. agar containing 5% (v/v) defibrinated sheep blood. DMSO
The aims of the current study were to document &hti-  was used as negative control. The media were poured into

pylori activity of plumbagin and to develop a reversed-phase petri dishes to form plates. An 0.1-ml volume of cell suspen-

HPLC method for quantification of plumbagin fromzey- sions (0.5-1.6« 10° CFU/mI) were spread onto the plates.

lanica L. To validate an HPLC quantitative method, the After incubation in the microaerophilic jar system in 5% O

specificity, linearity, accurancy, precision, limits of detection and 10% CQ in air at 37°C for 72 h, the resulting colonies

and quantitation of plumbagin were investigated. Plumbagin were enumerated. The MICs for the plumbagin against the

content for thirteerP. zeylanica L. samples were also exam-  five H. pylori strains were determined. The MIC was defined

ined. as the lowest concentration of plumbagin at which no colony

of the test bacteria on the plate was formed.

2. Materials and methods 2.5. Minimum bactericidal concentration (MBC) testing

2.1. Chemicals and reagents MBCs for plumbagin against the five strainsifpylori
were also determined. For MBC testing, as well as the MIC
Standard plumbagin was purchased from Acros (NJ, testing, a broth-dilution methof29] was used. Plumbagin
USA), with amoxicillin purchased from Sigma (St. Louis, was dissolved with DMSO and diluted with two-fold dilu-
MO, USA), methanol (HPLC grade) from Tedia (Fair- tions of Columbia agar containing 5% (v/v) defibrinated
field, OH, USA), absolute ethanol (HPLC grade) from sheep blood or TSB. It was then individually added to test
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tubes with Columbia agar slants at the bottom of the tubes andconcentrate was dissolved with absolute ethanol and filtered
the TSB layer covered on the slants; both the slant and broththrough a 0.45:m membrane filter before use.

contained the same concentrations of plumbagin. DMSO was

used as controH. pylori suspensions were added to the TSB 2.9, Standard solutions prepared

layer to produce 0.5-1.9 10° CFU/mlI of the initial bacte-

rial count. Following incubation in the microaerophilic jar A stock solution of plumbagin (concentration, 1.0 mg/ml)

system in 5% @ and 10% CQ in air at 37°C for 72h. A was prepared with absolute ethanol and storedl®°C until
0.1-ml volume of each broth was spread onto Columbia agar yse.

plates containing 5% (v/v) defibrinated sheep blood with-
out plumbagin. After incubation in the microaerophilic jar
system in 5% @ and 10% CQ in air at 37°C for 72 h, the

resulting colonies were enumerated. MBC was defined as the Validation of the analytical method for plumbagin derived

lowest concentration of plumbagin at which no colonies of ¢ p zeylanica L. was examined for specificity, linearity,
test bacteria formed on the cultivation medi{80].

2.10. Validation of analytic method

accuracy, precision, LOD and LOQ.

For specificity validation, a standard plumbagin solution
(0.1 mg/ml) andP. zeylanica L. sample solution were pre-
pared with absolute ethanol. The absolute ethanol was used
as a control. A volume of 1Ql was injected into the HPLC

2.6. Apparatus and chromatographic conditions

The HPLC system consisted of a Hewlett-Packard Model
1100 system (Darmstadt, Germany), equipped with a multi- .o,mn individually.
solvent delivery system and an ultraviolet (UV) detector. The o, linearity validation, standard plumbagin solutions of
column was a LiChrospher®100RP18ey1, 4.0 mm inter- 10, 50, 100, 150, and 2Gay/ml were prepared and 10
nal diameter (i.d.x 250 mm (Merck, Darmstadt, Germany). a5 injected into the HPLC column. Triplicate analyses were
The mobile phase was composed of water-methanol with yo tqrmed in three different days. The standard curve was

gradient elution as follows: Omin, 2:98; 10min, 50:50; anay7ed using the linear least-squares regression equation
30 min, 100:0; 40 min, 100:0. The mobile phase was filtered yarived from the peak area.

under vacuum through a 0.46m membrane filter before use. For accuracy validation, plumbagin concentrations of 50,

The flow rate was 1 ml/min with UV absorbance detection at g ang 15@.g/ml were prepared and mixed withzeylan-
254 nm. The operating temperature was maintained at room;., | sample solution at a ratio of 1:1 (v/v). The three injec-
temperature. tions for each concentrations were done per day over three
different days (3 injectiong 3 concentrations 3 days).
Recoveries of plumbagin were calculated as the following

equation:

2.7. Plant materials

Thirteen samples af. zeylanica L. were obtained from
different herbal markets and identified by Technician Nien-
Yung Chiu from the Institute of Chinese Pharmaceutical Recovery (%)=
Science, China Medical College. Sample Number 6lwas & 2, measured plumbagin concentration
voucher specimen (no. 250481) deposited at the Institute of . . .
Ecology and Evolutionary Biology, College of Life Science, plumbagin conqantrauoh Flumbago Zey?a””a L. x 100
National Taiwan University. This sample was investigated plumbagin theoretical concentration
for anti-H. pylori activity and used for validation of analyti-
cal method, limit of detection (LOD) and limit of quantitation ~ coefficient of variation (CV) was calculated as standard devi-
(LOQ). The other twelve?. zeylanica L. samples were used ~ ation (SD) to the mean value from the results of triplicate
for quantitation of plumbagin of. zeylanica L. Except for ~ testing.
samples Numbers 8 and 13, which were derived from the  For precision validation, plumbagin concentrations of
stem ofP. zeylanica L., the other samples were derived from 50, 100, and 15Qg/ml was prepared and 10 was
a mixture of roots and stem @t zeylanica L. Samples of injected into the HPLC column. Concentrations of plumbagin

P. zeylanica L. were dried at below 65C and chopped into ~ from the experiments were calculated with a linear equa-

small pieces before use. tion of the standard curve. Triplicate analyses were con-
ducted. The intra- and inter-day precisions were obtained
2.8. Preparation of P. zeylanica L. samples by triplicate analyses in a day and per day over 3 days,

respectively.
A total of 50 ml ethyl acetate was added to 2.Bgey-
lanica L. powder (passed through a 60-mesh screen), andthe2.11. LOD and LOQ
mixture was stirred at room temperature for 3 h. After pas-
sage through a filter paper, the filtrate was concentrated to LOD and LOQ for the analytical method were stud-
dryness in arotary vacuum evaporator at less thaiC40he ied. Serial dilutions of plumbagin were made with abso-
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lute ethanol, and were then analyzed with HPLC method as
described above. LOD and LOQ were obtained as the ratio
of signal to noise equal to 3 and 10, respectively.

2.12. Plumbagin quantitation from P. zeylanica L.

Plumbagin content of the thirteen samplesPoteylan-
ica L. were determined with the HPLC method as described
above. Moisture content of the thirteen samples was exam-
ined by drying in an oven at 10%. The plumbagin contents
of P. zeylanica L. samples were established on a dried mate-
rial.

3. Results and discussion
3.1. MICs and MBCs for plumbagin

As cited in previous literatures, plumbagin is a major
ingredient ofP. zeylanica L. [6,21—-23]derived from the roots
of the plant. In our previous study, we fourt zeylanica
L. exhibited strong antibacterial and bactericidal activities
againstH. pylori [13]. Therefore, we strongly supposed that
plumbagin is highly linked with the an#it pylori activ-
ity of P. zeylanica L. From the results of MICs and MBCs
of plumbagin Table 1), indeed, we found plumbagin both
having high levels of antH. pylori and bactericidal activi-
ties. MICs and MBCs for plumbagin against the five strains
of H. pylori ranged from 0.02 to 0.16 mg/ml and 0.16 to
1.28 mg/ml, respectively. In our previous studiesPotey-
lanica L., of the water, ethanol, acetone and ethyl acetate
extracts, the ethyl acetate extract exhibited the lowest MICs
and MBCs, ranging from 0.32 to 1.28 mg/ml and 5.12 to
20.48 mg/ml, respectively13]. These values were higher
than the MICs for plumbagin much mor&aple ). The
plumbagin contents of these four water, ethanol, acetone
and ethyl acetate extracts were 0.1#16.003, 1.816t 0.004,
1.7904+0.032, and 2.61& 0.002 mg/g, respectively (data

not shown), the ethyl acetate extract exhibited the greatest

plumbagin content. These results indicated that the higher
plumbagin was contained in the sample, the higher Anti-
pylori activity was demonstrated. Therefore, we strongly pro-
posed that plumbagin is a major compound contributing to
the observed antit. pylori and bactericidal activities af,
zeylanica L.

Table 1
Minimum inhibitory concentrations and minimum bactericidal concentra-
tions for plumbagin againgf. pylori

Strain MIC (mg/ml) MBC (mg/ml)
Helicobacter pylori BCRC 17021 0.02 0.16
H. pylori BCRC 17023 0.08 0.64
H. pylori BCRC 17026 0.16 1.28
H. pylori BCRC 17027 0.08 1.28
H. pylori BCRC 15415 0.04 0.64
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Fig. 2. The specificity validation for the HPLC analytical method for
plumbagin, an antH. pylori compound oP. zeylanica L.: (A) blank solution;
(B) plumbagin standard solution; and ()eylanica L. sample solution.

3.2. Validation of analytic method

3.2.1. Specificity validation

Based on the structure of plumbagirid. 1), this com-
pound would be characterized by moderate-low polarity.
Therefore, a C18 reversed-phase HPLC was chosed for
quantification of plumbagin derived frorR zeylanica L.
A moderately-to-highly polar mobile phase composed of
methanol and water was eluted with 1 ml/min flow rate. The
results of HPLC chromatograms are shownFig. 2 In
Fig. 2C, it is apparent that plumbagin is a major compound
of P. zeylanica L., with 22.92 min of retention time, no other
interferring peaks observed around the peak of plumbagin;
similar results are shown Ifig. 2A and B; again, there are no
interfering peaks to be found around the peak of 22.92 min.
From the results of photodiode array detection, we found the
same UV spectra of plumbagin’s peaks from HPLC chro-
matograms between the standard and the sample solutions.
Purities of plumbagin’s peaks of standard and sample solu-
tions were 99.93 and 99.99%, respectively (data not shown).
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Table 2 determined with acceptable precision and accuracy by the
Parameters of quantitation for plumbagin instrument and method. The results of LOD and LOQ anal-
Parameter Result ysis for plumbagin derived fromR zeylanica L. were found
Linear range g/ml) 10-200 to be 0.02 and 0.0@g/ml (Table 2, respectively, indicating
Equation Y=32.02X — 66.562 that the analytical method for the quanititation of plumbagin
Linearity (%) 0.99995 of P. zeylanica L. exhibited good sensitivity.
LOD (wg/ml)° 0.02
LOQ (pg/ml) 0.06 o

a8 Yy=AX+ B, whereY is peak areaX is the concentration of the analyzed 3.2.3. Accuracy validation . .
material. The accuracy of the analytical method was studied.

b Limit of detection (LOD): signal to noise ratio =3. Plumbagin solution at concentrations of 50—1%fdml| were

¢ Limit of quantitation (LOQ): signal to noise ratio = 10. spiked intaP. zeylanica L. sample solutions to evaluate recov-

eries of plumbagin for this method, which recoveries nears
From the results reported by Gupta e{22], plumbaginwas  to 100% indicating a good accuracy of this method obtained.
not completely separated with another compound derived From the results offable 3 good plumbagin recoveries
from the plant, 2,2-dimethyl-5-hydroxy-6-acetylchromene, exhibited, for which ranging from 97.75 to 98.99%, with
and base line shifted. The results we obtained shown good0.17—-0.86% of coefficient variations. It demonstrates that the
separation effect for plumbain froRzeylanica L. As shown analytical method has good accurracy.
in Fig. 2 the reversed-phase HPLC method has validated

specificity for the analysis of plumbagin froPzeylanica L. 3.2.4. Precision validation
Both the intra- and inter-day precisions of the analytical
3.2.2. Quantitation parameters method were studied, which obtained by triplicate analyses

The linearity of the plumbagin standard curve was exam- in aday and per day over three days, respectively. The results
ined. The results are shown Table 2 Three separate cal- shown inTable 4 both intra- and inter-day precisions were
ibration curves obtained on different days by plotting the higher than 99%, for which 0.25-0.97% and 0.17-0.47% of
peak area vs. concentration were found to be linear whencoefficient variations, respectively. The results indicated that
evaluated by linear regression analysis. The linear equationthe method for quantitation of plumbagin frafhzeylanica
of Y=32.02X — 66.562 and correlation coefficient’} of L. has good precision.

0.99995 were obtained. The coefficient variation for the tripli-

cate analyses ranged from 0.06 to 0.61% (data not shown). As3.3. Plumbagin content of P. zeylanica L.

shown by the results dfable 2 the standard curve of plumba-

gin is linear at the concentrations range of 10—2@0ml. Plumbagin content was examined with the above HPLC

The limit of detection represents the lowest concentra- method for the thirteen different sources of samples.of
tion of plumbagin that can be detected by the instrument and zeylanica L. The results are shown ifiable 5 There was
the analytical method, whereas the limit of quantitation rep- wide variation in plumbagin content for the 13 different sam-
resents the lowest concentration of plumbagin that can beples, with the plumbagin contents ranging from 0.629 to

Table 3
Validation of the accuracy of the analytical method for plumbagin
Spiked level pg/ml) Recovery (%9 Mean (%) CV (%Y
1 2 3
50 97.56+0.87 97.82£0.95 97.88:0.74 97.75:0.17 0.17
100 98.88+0.23 99.24+0.45 98.84+0.33 98.99+0.22 0.23
150 99.11£0.29 98.0Gt 0.44 97.45+ 0.56 98.18+ 0.85 0.86

a All values are meat: SD as obtained by triplicate analyses.
b Coefficient of variation = SD/mear 100%.

Table 4
Validation of precision of the analytical method for plumbagin
Theoretical concentratioqu@/ml) Intra-day (n=23) Inter-day (n=9)
Measured concentratign@/ml) CV(%)f Measured concentratiop.¢/ml) CV(%)
50 50.33+ 0.13 0.25 48.5% 0.18 0.38
100 100.99+ 0.98 0.97 103.65t 0.48 0.47
150 152.52+ 0.46 0.30 150.28t 0.25 0.17

2 All values are mead: SD as obtained by triplicate analyses in a day.
b All values are meat SD, obtained by triplicate analyses per day over 3 days.
¢ Coefficient of variation = SD/meax 100%.
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Table 5
Plumbagin content of different sourcesP®teylanica L.

Sample Plumbagin content
(mg/g dried materiaf)
No. 1¢ 0.861+ 0.0
No. Z* 3.349+0.34
No. ¥ 4.401+0.25
No. & 4975+ 0.13
No. 5° 1.072+0.08
No. 6 2.620+£0.17
No. 7 2.729+£0.10
No. & 0.640+0.01
No. & 3.811+0.13
No. 1¢° 1.699+ 0.09
No. 11 3.347+0.24
No. 12 2.824+0.18
No. 13 0.629+0.07
a8 All data are calculated as the standard linear equation:

Y=31.64—119.79, 2=0.9995, whereY is peak area, X is the
concentration of the analyzed material.

b All data are meas- SD as obtained by triplicate analyses.

¢ Roots and stem a? zeylanica L.

d Stem ofP. zeylanica L.

4.975 mg/g dried plant material. Tw® zeylanica L. sam-

ples contained more than 4 mg/g of plumbagin, and three
samples ranged from 3 to 4 mg/g. Five samples had a lower

concentration of plumbagin, ranging from 1 to 3 mg/g, and

three samples had even less, with less than 1 mg/g. Of the

Y.-C. Wang, T.-L. Huang / J. Chromatogr. A 1094 (2005) 99-104

LOD and LOQ were obtained. From this method, we can
easily quantify anti. pylori compound-plumbagin fromp.
zeylanica L.
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