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A validated rapid and simple isocratic high performance liquid chromatography— photo diode ar-
ray (HPLC-PDA) method was developed for identification and quantification of p-hydroxybenzoic acid
and two iridoids (negundoside and agnuside) in the extracts of two Vitex species, Vitex negundo and Vitex
trifolia. The separation of the three compounds was achieved on a RP-18 (250 mm x 4 mm, 5um) column
at 25 °C using acetonitrile (15%) and 0.05% trifluoroacetic acid in water (85%). The limit of detection
(LOD) were 1.0, 2.5 and 2.5 pg ml™* for p-hydroxybenzoic acid, negundoside and agnuside, respectively.
Similarly, the limit of quantification (LOQ) were 2.5, 5.0 and 5.0 ug ml™ for p-hydroxybenzoic acid,
negundoside and agnuside, respectively. Good linearity (r> > 0.999) was observed for all three com-
pounds in a wide concentration range. Using the developed HPLC method, the three compounds were
identified and quantified in leaves and bark extracts of Vitex negundo and Vitex trifolia. The novelty of
the developed and validated HPLC method is that the three marker compounds in the extracts of Vitex
species, p-hydroxybenzoic acid, negundoside and agnuside, can be simultaneously identified and quanti-
fied within a run time of 25 minute.

Keywords: p-hydroxybenzoic acid; iridoids; negundoside; agnuside; Vitex negundo; Vitex trifdlia;
method validation

BAJIMINPAH METOJ] CO BUCOKOE®UKACHA TEYHA XPOMATOIPA®HUJA 3A ONPEIEJTYBAILE
HA TPY BUOAKTUBHYU COEJMHEHUJA, p-XHJPOKCUBEH30EBA KUCEJIUHA, HETYHI03U]
W ATHY3H/J] BO BUJIOBH O/ VITEX

PaspaboTeH ¢ Op3 W €IHOCTABEH BaJHIUPAaH H30KPATCKH METOJ CO BHCOKOS(HMKCHA TEYHA
xpomatorpaduja — gerekrop co uHuza guomn (HPLC-PDA) 3a uaeHTHduKanuja ¥ KBaHTHTATHBHO
olpeJieNlyBakbe Ha p-XUIPOKCHOEH30€Ba KHCEIWHA W JABAa WPUIOMAM (HErYHIO3MI M arHy3ua) BO
excTpakTd of asa Buzia Vitex, Vitex negundo u Vitex trifolia. PasnsojyBamero Ha TpuTe COelEMHEHH]A €
nocTuraaTo Ha kosona RP-18 (250 mm x 4 mm, 5 pm) Ha 25 °C co ynorpeba Ha aneroHutpuia (15%) n
0,05% TtpudayopoouerHa kucenuHa Bo Boaa (85%). I'panunure Ha perekimja (LOD) usnecysaa 1,0 g
ml™, 2,5 pg mlI™ u 2,5 pg ml™ cooaBeTHO 3a P-XUAPOKCHOEH30€BA KHCEIMHA, HEIYHIO3M W arHy3HI.
Mocruruata e n06pa mummeapHocT (I° > 0.999) 3a cuTe TpH COENCHEHHMjHA BO MIMPOK OINCEr Ha
KoHueHTpanuu. Co mpuMeHa Ha paspaborennor meron Ha HPLC, Tpure coenuneHuja ce mupeHTU(H-
KyBaHH M KBaHTHTAaTHUBHO OMPENENHU BO JIMCja M €KCTpakTH of Kopa Ha Vitex negundo u Vitex trifolia.
HoBuHarta Ha pa3BUeHHOT W BanuaupaHuot mero] Ha HPLC e Bo Toa mITo € MOXXHO TPHUTE COeJMHEHH]a
BO EKCTpakTH O BHIOBH Ha VIiteX HCTOBpeMEHO 1a ce WACHTH(UKYBaaT M KBAHTHTATHBHO 1a Ce
ompeseNarT 3a camo 25 MUHYTH.

Knyunu 360poBu: p-xuapokcubeH30eBa KUCENHA, HETYH103u I, aruysu; Vitex negundo; Vitex trifolia;
BalTUIallMja HA METOJ
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1. INTRODUCTION

The genus Vitex belongs to the family
Lamiaceae. It includes 80 genera and about 800
species. Investigations of some Vitex species have
resulted in the isolation of iridoid glycosides, in-
cluding: agnuside (AGN), eurostoside, negundoside
(NGN), 2’-p-hydroxylbenzoylmussaenosidic acid,
6’-p-hydroxybenzoylmussaenosidic acid, nishinda-
side and isonishindaside from leaves; AGN and 10-
O-vanilloyaucubin from fruits; AGN, limoniside
and pedunculariside from stem bark [1-10]. V.
negundo is widely used in Indian systems of medi-
cine for its medicinal properties and this plant has
been extensively studied for its analgesic, anti-
inflammatory, anticonvulsant and antioxidant activi-
ties [11-14]. Flavonoids, iridoids, terpenes and ster-
oids are the major classes of compounds isolated
from V. negundo [15]. V. trifolia is known to pos-
sess pharmacological properties such as antipyretic
and antibacterial activities and is effective against
asthma and allergic diseases [16-18]. V. trifolia is
known to produce a variety of diterpenoids and
iridoids. Its leaves contain many bioactive phyto-
chemicals such as flavonoids, sterols, diterpenoids
and iridoids. The leaves are considered useful as an
external application for rheumatic pain, sprains etc.
The roots are used to treat febrifuge, painful in-
flammations, cough and fever, while the flowers are
used in treatment of fever, and fruits in amenorrhoea
[19]. Although, all parts of V. negundo and V.
trifolia are used in traditional systems of medicine,
the leaves are the most potent for medicinal uses.
NGN (Figure 1B) and AGN (Figure 1C) are the ac-
tive constituents of V. negundo and V. trifolia
leaves. NGN, an iridoid O-glycoside isolated from
V. negundo protected human liver cells against cal-
cium mediated toxicity induced by carbon tetrachlo-
ride via inhibition of lipid peroxidation, followed by
an improved intracellular calcium homeostasis and
inhibition of Ca”* dependent proteases [20]. AGN,
another iridoid glycoside, composed of aucubin and
p-hydroxybenzoic acid, PHBA (Figure 1A) was also
reported as a chemotaxonomic marker of the genus
Vitex and was isolated from V. negundo, V. cymosa
and V. agnus castus [21-24]. Pandey et al. [24] re-
ported significant antiarthritic activity of AGN asso-
ciated with significant suppression of inflammatory
mediators and T cell mediated cytokines (Th1/Th2).
AGN also inhibits vascular permeability and leuko-
cyte migration in vivo. Furthermore, a combination
of NGN and AGN increased osteablast differentia-
tion and mineralization in vitro, thereby, supporting
use of V. negundo in traditional medicine [15].
PHBA exhibits estrogenic activity in human breast
cancer cell lines, as well as antioxidant activity [25—
26].
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Fig. 1. Structure of PHBA (A), NGN (B) and AGN (C) [35]

For scientific and clinical acceptability of
plant derived drugs, chemical profiling is essential.
HPLC is the dominant separation technique used
for the identification and quantification of the ac-
tive principles in herbal raw materials and formula-
tions made from them. Options to improve the sen-
sitivity and resolution of HPLC in cases of com-
plex isomeric mixtures in plant matrices make
HPLC the preferred chromatographic assay meth-
od. Although a huge number of research publica-
tions are available in the literature regarding isola-
tion, structural characterization and pharmacologi-
cal activities of biologically active molecules from
the Vitex species from India and worldwide, only a
few validated HPLC methods are available in the
literature for the analysis of iridoid from Vitex spe-
cies. A HPLC method for the simultaneous analy-
sis of PHBA, NGN and AGN in different plant
parts of V. negundo and V. trifolia has not been
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reported. Hoberg et al. [23] reported a HPLC
method for the simultaneous determination of
PHBA and AGN in V. Agni-Casti Fructus with a
total run time of 23 min using a gradient elution
mode with acetonitrile and O-phosphoric acid as
mobile phase. Panicker [27] reported a HPLC
method for estimation of AGN, NGN and 1,4-
dihydroxybenzoic acid from Vitex negundo Linn.
Pandey et al. [24] reported a reversed phase HPLC
method for the quantification of AGN in leaf ex-
tract of V. negundo. Sing et al. [28] and Lokhande
et al. [29] reported a HPLC method for the deter-
mination of negundoside in leaves of V. negundo.
Roy et al. [30] reported a HPLC method for the
simultaneous determination of NGN, AGN and
three minor flavonoids in the leaves of V. negundo.
Shah et al. [31] also reported a validated HPLC
method for simultaneous identification and quanti-
fication of PHBA and AGN in two Vitex species
from India. A validated ultra-performance liquid
chromatography diode array detection method for
the quantitative analysis of agnuside, isovitexin,
casticin, 5-hydroxykaempferol-3,6,7,4’-tetramethyl-
ether and vitetrifolin in Vitex agnus castus fruits
was reported by Hogner et al. [32]. In addition to
HPLC methods, high performance thin layer
chromatography (HPTLC) methods have also been
reported for quantitative analysis of iridoid in Vitex
extracts. Lokhande et al. [33] reported a HPTLC
method for quantification of NGN in Vitex
negundo leaves. Four markers (casticin,
chrysoplenol-D, p-hydroxybenzoic acid and p-
methoxybenzoic acid) were simultaneously quanti-
fied by HPTLC [34]. Tiwari et al. [35] reported a
validated HPTLC method for simultaneous quanti-
fication of NGN, AGN and 6’-p-hydroxy benzoyl
mussaenosidic acid in V. trifolia and V. negundo.
To the best of our knowledge, a validated HPLC
method for the simultaneous determination of
PHBA, NGN and AGN in Vitex species has not
been reported. Keeping the above points in view,
the present HPLC method was developed for de-
termination of PHBA, NGN and AGN in different
extracts of V. negundo and V. trifolia.

2. EXPERIMENTAL
2.1. Plant material and chemicals

Leaves and bark of V. negundo and V.
trifolia were collected from the herbal garden of
the Directorate of Medicinal and Aromatic Plants
Research (Boriavi, Anand, Gujarat, India) during
the year 2011. Leaves and bark of V. negundo and
V. trifolia were dried in the shade and a fine pow-
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der of dried samples was used for preparation of
the extract. HPLC grade solvents methanol, ace-
tonitrile and analytical grade trifluroacetic acid
(TFA) were purchased from Merck (Mumbai, In-
dia). Deionized water used throughout the experi-
ment was obtained from a Millipore water purifica-
tion system (Millipore, gradient, 0.22-um pore
size). NGN was purchased from Natural Remedies
(Bangalore, India). AGN was purchased from
Chromadex (USA) and PHBA was purchased from
Sigma-Aldrich (Mumbai, India).

2.2. Preparation of standard and sample solutions

Standard stock solutions of PHBA, NGN
and AGN (500.0 pg ml™, each) were prepared in
HPLC grade methanol and working solutions of
lower concentration were prepared by appropriate
dilution of the stock solution. Plant samples (leaves
and bark, 50 g each) were extracted with methanol
six times at room temperature. Methanol extracts
were pooled together and concentrated under re-
duced pressure. Thereafter, methanolic extract was
suspended in water and sequentially extracted with
hexane, chloroform and ethyl acetate [34-35].
Hexane extract was dried over anhydrous sodium
sulfate and concentrated under reduced pressure to
produce a residue of hexane extract. Similar pro-
cessing of chloroform and ethyl acetate extracts
provided concentrated extracts of chloroform and
ethyl acetate, respectively. Remaining water frac-
tions were also concentrated to produce an aqueous
extract. Concentrated extracts were further vacuum
dried to remove traces of residual solvent. Stock
solutions of different extracts were prepared by
dissolving extract in methanol (1.0 ug ml™) and
filtered through a 0.45-um membrane filter. Stock
solutions of the standards and extract samples were
stored at 4 °C and were brought to room tempera-
ture before use.

2.3. Chromatographic conditions
and method validation

The HPLC system for chromatographic
analysis consisted of a separation module (Waters
600E) equipped with Empower software (Waters)
and quaternary pump, an inline vacuum degasser
and a photodiode array detector (Waters, 2996).
The chromatographic separation was carried out in
an isocratic elution mode on RP-18 column
(Merck, India) with 5 pm particle size, 4.6 mm
internal diameter and 250 mm length. The mobile
phase was a mixture of solvents: acetonitrile (15.0
%) and 0.05% TFA in water (85%, v/v, pH = 2.25).
The solvent flow rate was 1.0 ml min " and the in-
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jection volume was 20 pl. Column temperature
was 25 °C. The photo diode array detector wave-
length was set at 258 nm for the determination of
PHBA, NGN and AGN in different extracts of V.
negundo and V. trifolia. Chromatographic peaks
were identified on the basis of retention time as
well as by matching their spectra with the spectra
of the standards. Concentration of PHBA, NGN
and AGN in extract samples were calculated by
comparing the integrated peak areas of the individ-
ual compounds with that of a standard curve pre-
pared from the corresponding standards.

2.4. Calibration curves of PHBA, NGN and AGN

Calibration curves for PHBA (2.5-60.0 pg
ml™), NGN (5.0-80.0 ug ml™*) and AGN (5.0-80.0
ng ml™?) were prepared by injecting the different
concentrations of standard samples, recording their
peak areas and plotting peak areas obtained vs.
concentration.

2.5. Precision, repeatability and accuracy

Precision of the method was determined by
intraday variation in the concentration of standard
solutions of PHBA, NGN and AGN. Repeatability
of the developed method was determined by six
replicate injections repeated three times on the
same day and additionally on two consecutive days
at three different concentration levels (5.0, 20.0,
and 40.0 pg ml™ for PHBA; 10.0, 40.0, and 80.0
ng ml™* for NGN; 10.0, 40.0, and 80.0 pug ml* for
AGN) to determine intraday and interday preci-
sions. The repeatability of peak area is expressed
in terms of relative standard deviation (RSD).

The accuracy of an analytical method is the
closeness of test results obtained by the method to
the true value and was determined based on the
recovery of known amounts of analyte. Analytical
recovery was performed by analyzing the analytes
spiked with the three standards in mobile phase
blank as well as in real extracts of V. negundo and
V. trifolia. The recovery percentage was calculated
by using the formula: recovery (%) = [(amount
found — original amount) / (spiked amount)] x 100.

2.6. Limit of detection (LOD) and limit
of quantification (LOQ)

The LOD was defined as the lowest amount
of sample concentration that could be detected
(signal to noise ratio = 3.0). The LOQ was defined
as the lowest amount of sample concentration that
could be quantitatively determined with suitable
precision and accuracy (signal to noise ratio = 10.0).

2.7. Linearity and lack of fit test for linearity

The linearity was measured by analyzing
three standards at a minimum of six calibration
points and for each point, two measurements were
made. Calibration curves were constructed as a
function of the concentrations of standard analytes
(x) vs. their peak area (y). The lack of fit test is
commonly used to ascertain whether the chosen
regression model adequately fits the data, and was
used to examine the linearity of the calibration
curves for PHBA, NGN and AGN prepared using
the developed HPLC method.

2.8. Robustness

To test the robustness of the HPLC method,
chromatographic conditions that may affect the
performance of the method, such as flow rate, or-
ganic content in mobile phase and wavelength of
detection, were deliberately changed. One parame-
ter was varied at a time, while the rest were kept
constant. The effects on the results in terms of peak
areas were examined. Also, the robustness of the
developed HPLC method was verified on two oth-
er HPLC systems (Shimadzu Prominence UPLC
and Shimadzu SPD 10 A). Very low value (less
than 5.0 %) of overall RSD (%) between the data
at each variable condition (flow rate, organic con-
tent in mobile phase and wavelength of detection)
established the robustness of the developed HPLC
method.

2.9. System suitability and stability studies

The HPLC method was also validated for its
system suitability parameters, such as plate count,
tailing factor, capacity factor, resolution, selectivi-
ty, purity angle and purity threshold values. For
stability studies, standard samples of PHBA, NGN
and AGN stored at 4 °C were analyzed at various
time intervals for 3 weeks. The three analytes were
stable in solution, and cumulative RSD (%) of the
area for all three analytes was below 5.0%.

2.10. Statistical analysis

The statistical software SAS 9.2, SAS Insti-
tute Inc. [36] was used for the statistical analysis of
response data of HPLC parameters. The responses
were partitioned into various components of the
simple linear regression model Y; = By + BiXi + &,
where [ is the intercept, B is the slope, and € is the
error. The proc reg procedure was used with repli-
cate mean data of each treatment to determine the
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model parameters. The best fit of the model was
determined by using the lack of fit test which com-
pares the variation around the model with "pure"
variation within replicated observations.

3. RESULTS AND DISCUSSION

In the Indian systems of medicine, the Vitex
species are used for the treatment of a range of dis-
eases. V. negundo and V. trifolia are the major
plants among Vitex species [37]. Because of the
increasing interest in herbal preparations from Vi-
tex species, their standardization is becoming in-
creasingly important. Although, whole extracts of
Vitex have been found to be bioactive in many bio-
assays, nevertheless, their standardization is de-
sired for clinical studies, quality control of herbal
preparations, and chemotaxonomic studies. PHBA,
NGN and AGN are the three major bioactive com-
pounds most suitable for these studies. Attempts
were made to separate PHBA, NGN and AGN in a
mixed standard using the reversed-phase Cyg col-
umn with several elution systems. It was observed
that the resolution of peaks was unsatisfactory
when a mixture of acetonitrile and water or metha-
nol and water was used as the mobile phase. Sev-
eral modifiers, such as O-phosphoric acid, acetic
acid, formic acid and TFA in the mobile phase

were also used for optimization of chromatograph-
ic separation. Acetonitrile provided better resolu-
tion than methanol as the organic phase. Further,
different percentages were tried and the organic
phase (methanol/acetonitrile) percentage in the
mobile phase was also optimized. The results sug-
gested that the mobile phase composed of acetoni-
trile (15.0 %, A) as the organic phase and 0.05%
TFA in water (85.0%, B) in an isocratic elution
mode with a flow rate of 1.0 ml min™* was suitable
for chromatographic separation of PHBA, NGN
and AGN in a mixture. Therefore, this mobile
phase composition A : B (15.0 : 85.0, v/v) was se-
lected for the method development. Under the op-
timized conditions, three standards were well re-
solved with relatively high sensitivity at a mean
retention time (tg) of 7.44, 8.18 and 14. 86 min for
PHBA, NGN and AGN, respectively, when ab-
sorption was measured at 258 nm (Table 1, Figure
2). At this wavelength, the best resolution between
peaks, as well as baseline separation, was achieved
and no interfering peaks were observed in the
blank. The total run time was 25 min to ensure any
late eluting peaks. The representative chromato-
grams of different extracts (1 mg ml?) of V.
negundo and V. trifolia leaves and bark monitored
at 258 nm are shown in Figures 3 and 4.
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Fig. 2. HPLC chromatogram of a standard mixture of PHBA, NGN and AGN (20.0 pg ml™) and their corresponding UV spectra
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Table 1
Linear relationship between peak area and concentration of PHBA, NGN and AGN
Analyte Retentur)rr:irt]lme (tr) Regression equation 2 Linear range LOD LOQ
(y=ax+b) (ng ml™) (ng ml™) (g mi™)
Mean RSD (%)
PHBA 7.44 0.15 y =131107x — 27226 0.999 2.5-60.0 1.00 2.50
NGN 8.18 0.39 y = 22872x + 22920 0.997 5.0-80.0 2.50 5.00
AGN 14.86 0.92 y = 27150x — 24999 0.998 5.0-80.0 2.50 5.00
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Fig. 3. HPLC chromatograms (1000.0 pg ml™*) of hexane extract (A), chloroform extract (B), ethyl acetate extract (C),
aqueous extract (D), methanol extract (E) of V. negundo leaves, and methanol extract (F) of V. negundo bark
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Fig. 4. HPLC chromatograms (1000.0 pg ml™) of hexane extract (A), chloroform extract (B), ethyl acetate extract (C),
aqueous extract (D), methanol extract (E) of V. trifolia leaves, and methanol extract (F) of V. trifolia bark

To ensure the accurate assessment of PHBA,
NGN and AGN in Vitex extracts, the developed
HPLC method was validated according to the ICH
guidelines on the validation of analytical methods
[38]. The LOD was found to be 1.00, 2.50 and 2.50
pg ml™ for PHBA, NGN and AGN, respectively,
which indicated high sensitivity under the applied
HPLC conditions. The LOQ was found to be 2.50,
5.00 and 5.00 pg ml™ for PHBA, NGN and AGN,
respectively. Calibration curves were linear over a
large concentration range: 2.5-60.0, 5.0-80.0, and

Maced. J. Chem. Chem. Eng. 34 (2), 321-331 (2015)

5.0-80.0 pg ml™* for PHBA, NGN and AGN, re-
spectively (Table 1). The lack of fit test confirmed
the adequacy of the linear model (Table 2). The
results of the intraday and interday precision ex-
periments are shown in Table 3. The developed
method was found to be precise, as the RSD values
for repeatability of intraday and inter day precision
studies were less than 5.0%, which is under the
limit recommended by the ICH guidelines (Table
3). These results established that the developed
method was reproducible with good accuracy. Fur-
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ther, chromatograms indicated that the method was
specific for determination of PHBA, NGN and
AGN under chromatographic conditions since peak
purity showed that peaks are pure and had no co-

eluting peaks. Also, no interferences were ob-
served in blank as no peak was observed at the re-
tention time (tg) of PHBA, NGN and AGN, there-
by, demonstrating the specificity of the method.

Table 2
Lack of fit test for calibration curves of PHBA, NGN and AGN
Analyte Residual DF* Sum of squares Mean square F Value Pr>F
Lack of fit 4 10.589428 2.647357
PHBA Pure error 30 7.932127 0.264404 10.01 <0.0001
Total error 34 18.521555 0.544752
Lack of fit 4 4.555998 1.139000
NGN Pure error 30 2.009549 0.066985 17.00 <0.0001
Total error 34 6.565547 0.193104
Lack of fit 4 124.680031 31.170008
AGN Pure error 30 2.226620 0.074221 419.96 <0.0001
Total error 34 126.906650 3.732549

*DF = degrees of freedom

Table 3

Intraday and interday precision (RSD %)

; Recovery
Concentration  Intra- Inter-
Analyte (ug ml™?) day day (%)
5.0 1.60 0.69 102
PHBA 20.0 1.10 0.41 101
40.0 0.76 2.40 99
10.0 4,58 0.07 97
NGN 40.0 1.15 0.37 102
80.0 1.44 3.28 102
10.0 1.93 1.32 100
AGN 40.0 0.86 3.23 99
80.0 1.66 2.26 98
n=3
Table 4

System suitability and peak purity parameters
for PHBA, NGN, and AGN

Parameter PHBA NGN AGN
USP plate count 3847 4654 3912
USP tailing 0.70 0.93 0.90
Capacity factor 5.55 6.32 12.09
Resolution - 1.85 8.74
Selectivity 1.39 1.15 1.91
Purity angle 0.022 0.160 0.209
Purity threshold 0.244 0.208 0.356

Recovery studies were carried out to check

the accuracy of the developed HPLC method.
Three different quantities (low, medium and high)
of the standards were spiked into blank samples.

The spiked samples were quantified in accordance
with the methods mentioned above. The overall
recovery percentages of PHBA, NGN and AGN
were in the range 97-102% (Table 3). These re-
sults demonstrated that the developed method was
reproducible with good accuracy. System suitabil-
ity parameters for PHBA, NGN and AGN demon-
strated that the method is suitable for determining
these three compounds in Vitex extracts (Table 4).
The extraction yields of V. negundo and V.
trifolia leaves prepared using different solvents are
shown in Figure 5. The developed HPLC method
was applied for the determination of PHBA, NGN
and AGN contents in the different extracts (Figures
3 and 4) of the leaves and bark of V. negundo and
V. trifolia. The contents of PHBA, NGN and AGN
in different extracts are summarized in Table 5.
PHBA was detected in all extracts of V. negundo
and V. ftrifolia and ranged from 0.13+0.11% to
255+0.14% in V. negundo extracts, and
0.12+0.09% to 4.23+0.08% in V. trifolia extracts.
Ethyl acetate extract had the highest concentration
of PHBA followed by methanol and aqueous ex-
tract. NGN was not detected in hexane and chloro-
form extracts of V. negundo and V. trifolia leaves.
Extracts prepared from leaves of V. trifolia had
lower concentration of NGN than the correspond-
ing extracts of V. negundo leaves. It ranged from
1.55+0.06% to 2.17+0.05% in V. negundo leaf ex-
tract. Similarly, it varied from 0.21+0.06% to
0.72+0.10% in V. trifolia leaf extract. Roy et al.
[30] also reported NGN content (w/w) in V.
negundo leaves collected from three different re-
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gions of India in the range 0.32+0.003% to
0.76+0.008%. NGN was also detected in methanol
extract of V. negundo and V. trifolia bark samples.
Its concentration was higher in V. negundo bark
extract. AGN was detected in all six extracts of V.
negundo and V. trifolia leaves. In comparison with
other extracts, aqueous extracts of leaves had the
highest concentration of AGN, followed by metha-
nol and ethyl acetate extracts. This may justify the
use of aqueous extract of fresh mature leaves of V.
negundo in Ayurvedic medicine as anti inflamma-
tory, analgesic and anti-itching agents, both inter-
nally and externally [24]. AGN content as reported
by Roy et al [30] varied in the range 0.54+0.01%
to 2.20+0.01%.

Bark methanol extracts had lower concentra-
tion of AGN than the corresponding leaf extracts.
Similar results were reported by Tiwari et al. [35].

Table 5

Contents of PHBA, NGN and AGN were
lower in bark samples than in leaf samples, and
therefore, leaf needs to be used so that Vitex spe-
cies can be better protected and utilized.

60.0 -
52.1

50.0 -
2.6

40.0 -

28.8

Yield (%0)

300 -
2.4 =V, negundo
200 - V. trifolia
96 93 63
10.0 4 I 40 41 50 ©
0.0 T | T . e
Hexane Chloroform  Ethyl — Aqueous Methanol

acetate

Fig 5. Extract yield of V. negundo and V.trifolia leaves
prepared using different solvents

Applicability of the developed HPLC method for the determination of concentrations of PHBA, NGN
and AGN in V. negundo and V. trifolia extracts

PHBA NGN AGN
(mean +S.D., %) (mean + S.D., %) (mean + S.D., %)

\H’é;‘:g:“do leaves 0.13+0.11 ND 1.53+0.07
Chloroform 0.14+0.07 ND 0.77+0.06
Ethyl acetate 2.55+0.14 1.74+0.09 5.77+0.05
Agueous 0.22+0.07 2.17+0.05 20.85+0.13
Methanol 0.43+0.08 1.55+0.06 19.56+0.05
V. negundo bark

Methanol 0.39+0.05 1.35+0.0 19.34+0.08
V. trifolia leaves

Hexane 0.12+0.09 ND 1.45+0.07
Chloroform 0.19+0.06 ND 2.27+0.04
Ethyl acetate 4.23+0.08 0.72+0.10 8.49+0.06
Agueous 0.29+0.11 0.27+0.05 22.53+0.07
Methanol 0.57+0.05 0.21+0.06 23.10+0.08
V. trifolia bark

Methanol 0.62+0.07 0.34+0.12 6.87+0.06

*n = 6, ND = not detected

4. CONCLUSION

A simple and efficient reversed-phase HPLC
method was developed for simultaneous identifica-
tion and quantification of PHBA, NGN and AGN
in different extracts prepared from leaves and bark
of V. negundo and V. trifolia. The developed
HPLC method is simple, precise and accurate. Fur-
ther, it was also validated as per ICH guidelines.
The developed HPLC method has the following
merits: firstly, three compounds PHBA, NGN and
AGN can be analyzed simultaneously without any
tedious sample preparation; secondly, the analysis
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is rapid, and therefore, suitable for quantitative
analysis, as well as quality control of extracts and
herbal formulations from Vitex species; thirdly,
sample preparation does not require use of solid
phase extraction to optimize the separation of
PHBA, NGN and AGN from other polyphenolic
compounds present in the extract samples. Further,
on the basis of the above results, selection of a
suitable solvent can be made for the up-scaling of
individual compounds.

The developed method can be used for bio-
prospecting for other Vitex species available in India,
as well as quality control of herbal formulations con-
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taining the above three molecules, and also for phar-
macokinetic studies of related extracts and drug.
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