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Growth inhibition and induction of apoptosis in estrogen
receptor-positive and negative human breast carcinoma cell lines
by Tephrosia calophylla roots

K. ADINARYANA A, K.N. JAYAVEERAB, B. MADHU KATYAYANI ¢. P. MALLIKARJUNA RAOQ°€ "
. 8 Annamacharya College of Pharmacy, Rajampeta, India
. Oil Technological Research Institute, JNTU, Anantapur, India
International Medical University, Bukit Jalil, Kuala Lumpur, Malaysia

ABSTRACT

Hormone replacement therapy is contraindicated in women with breast cancer. Herbs and spices
containing flavonoids have been recognised as alternative choice for the prevention of cancer. In the
present study we investigated the antiproliferative activity methanol extrdepbfosia calophylla

roots on the estrogen receptor positive MCF-7 and estrogen receptor negative MDA-MB231 breast
cancer cell lines by MTT assay. Down regulation of the proliferative activity and cell killing by
methanol extract occurred in a clear dose-dependent response with a 50% growth inhibitory
concentration of 49.12+5.7 pg/mL in MCF-7 cells and 21.27+2.4 pg/mL in MDA-MB-231 cell lines.
Further, T. calophyllatreatment resulted in significant apoptosis in both breast cancer cell lines as
evident from fluorescence microscopy and cell death detection ELISA. These results indic@te that
calophyllaroots inhibit the cellular proliferation and accelerating apoptoic events in breast cancer
cell lines.

Keywords: Tephrosia calophylla,rootdlavonoids, MDA-MB-231 cell lines, MTT assay.

Introduction flavonoids have been shown to suppress carcinogenesis in
arious animal models [7]. A growth inhibitory activity has
prescribed in menopausal treatment. Evidence of a ”%gen demonstrated for various flavonoids on several human

between breast cancer and postmenopausal HRT has bean er cell Imes._ n gstrogen—dgpendent tumour cells or
steadily accruing over the past few years. The recogniti imal quels, thls.antl-prohf_eratlve effe(_:t has bee_n related
that naturally occurring Rrestradiol is a weak genotoxic fo the antiestrogenic properties of certain flavonoids (e.g.,

and mutagenic carcinogen and that prolonged exposure'ﬁ8\|/far¥oizo'dhs’unelrcet't?) £18].hIr:/vr?t?er;ff\gf:rtocrer;l?gielrslélin
endogenous estrogen is an adverse risk factor provide(ﬁaaO olds have aiso been sho 0 9 9

. o d cell cycle progression. For example, tea flavonoids
lausible background for the association of breast cance|. ... ; : .
plausible backg m?nbﬂ signal transduction pathways mediated by epidermal

with HRT [1]. HRT is therefore contraindicated in estrogen- wih factor and platelet-derived arowth factor. favourabl
sensitive cancer patients. In recent years, the herbs N factorand platelet-erived gro actor, favourably
ecting downstream events such as angiogenesis [9].

spices containing flavonoid and chalcone compounds haye~ " = Lo o C
been recognized as a rational choice for the prevention" Fnlsteln and quercetin inhibit protein kinase which is also

cancer [2]. Tephroisa (Leguminosae, Papilinoideae) is alnvolved in cell proliferation [10, 11].

large tropical and sub-tropical genus estimated to contain  As the Tephrosiagenus represents potential source
300 species [3].Tephrosia calophyllais a perennial o flayonoids and various biological activities and there
undershurb found widely in Talakona forest of Andhrgyas no scientific report ofiephrosia calophyllabiological
Pradesh, South India [4]. The genus Tephrosia is known dgtjvities, we have undertaken biological screening to detect
contain a wide variety of flavonoids [5]. The compoundsyntiproliferative activity of Tephrosia calophyllaroots
tephcalostan, 7-O-methylglabranin and kaempferol3-O- (7CR. The aim of our study was to evaluate the potential
D-glucopyranoside were isolated and characterised frofiproliferative activity of methanol extract froRCR on

the Whole plant offephrosia calophyllg6]. A number of ,yman preast carcinoma cell lines. We examined its
antiproliferative effects and the mode of cell death

*Address for correspondence . -
E-mail: mallikarjunarao_pichika@imu.edu.my (apoptosis) after treatment of estrogen receptor positive

Hormone replacement therapy (HRT) is commonl
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(ER +ve) MCF-7 and estrogen receptor negative (ER -vegll suspensions were plated in 96-well flat-bottomed tissue
MDA-MB-231 breast cancer cell lines. Non-steroidal partiatulture plates (Nunc, Denmark) at a concentration>ofL@*
antiestrogen tamoxifen was used as a positive control. ¢ells/well. After incubating the plates for 24 hours at@G7

the present study we show that the antiproliferative effeict a humidified incubator, different concentrations of

of TCRin both (ER +ve) and (ER —ve) breast cancer cedterilisedTCRsolutions were added to the respective wells
lines could be related to its apoptosis-inducing activity axf the plate. The final volume in each well was 100 uL. Each
detected by the adhesion of annexin V to phosphatidylserioencentration offCR was repeated in minimum of three

on the outer leaflet of the cell membrane and activation wofells in each plate and the assay was repeated in at least

caspases are involved. two plates. The plates were further incubated for 48 hours.
) Five microliters MTT reagent was added to each well and

Materials and methods incubated for 4 h after which the plates were centrifuged at

Plant material 600g for 5 min at 4C. MTT solution and medium were

Fresh roots ofTephrosia calophyllawere collected aspirated from the wells and100 uL of buffered DMSO was

from Talakona forest, Andhra Pradesh state and identifi@gded to each well. The plates were shaken for five.minutes
by Dr. Madhava Chetty, Department of Botany, Srf’md the absorbance (OD) was recorded on a microplate
Venkateswara University, Tirupati. The roots were dried jfpader at the wavelength of 570 nm and a reference

hot air oven at a temperature not more thatC50he dried yvavelength of 630 nm. The effect GiCR on growth

roots were powdered using an electric blender. Powderlé_;l!i"Ibltlon was assessed as percent cell viability where

roots (50 g) were extracted with methanol using soth¥FhiCle (0.5%v/v methanol in water)—'grea.\t_ed.cells were taken
100% viable. Percentage of cell viability in each well was

extractor. The methanol extract was concentrated in rotafl"gI lated using the f la
evaporator at a temperature not more thaAC50The calculated using the formula:
concentrated methanol extract was dried using freeze dryer

at -33C. Percentagef viablecells= BOD of theextract OD mediumcontrol BxlOO

OD vehiclecontrol- OD mediumcontrol]

_Accordmg to the standards of the Nat|onal_ Cancer The G, value, the concentration GICR required to
Institute (NCI), USA; a crude extract may be considered as 0

. . reduce the cell growth by 50%, was evaluated from the
active for an IG, < 20ug/mL [12]. So, in the present study, 0SE-1eSDONSE CUIVe
the highest concentration of extract used was 150pg/mq_. P '
Dried extract was dissolved in 50% (v/v) methanol in ultra  yntreated and vehicle treated cells were incubated as
pure water to obtain the final concentrations of 150, 14@gntrols. The final concentration of methanol in each well
130, 120, 110, 100, 90, 80, 70, 60, 50, 40, 30, 20, 10, 5, 2.5, 14¢P not exceed 0.5% (v/v). This concentration did not affect

and 0.625ug/mL. For proliferation and apoptosis assayfe apoptosis or cell proliferation of the investigated cell
the solutions of different concentrations of extract wergnes.

sterilised by passing them through 0.22 pum membrane

filters. Apoptotic death assays

Reagents Apoptotic death assays were carried out at only one

. . ) concentration offCR Gl,,, on MCF-7 and MDA-MB-231

MTT assay kit and Dual Apoptois assay kit wergancer cell lines. Mode of cell death (apoptosis) was

purchased from Biotium, USA. Cell Death Detection ELISAyualitatively determined using Dual Apoptosis assay and

PLUS kit was purchased from Roche Applied Scienceguantified using Cell death detection by enzyme-linked

Germany. immunosorbent assay (ELISA).

Breast-adenocarcinoma cell lines MCF-7 (ER +ve) and  This assay was carried out using Dual Apoptosis
MDA-MB-231 (ER —ve) from ATCC (Rockville, MD) were assay Kit with NucView” 488 caspase-3 substrate &
cultured in Dulbecco’s Modified Eagle’s medium (DMEM)gyiforhodamine 101-annexin V (Texas RethnexinV)
with 10% FBS and 2 mM L-glutamine, 1% penicillin/according to instructions in the product protocol. This kit
streptomycin (PenStrep) under a fully humidifiedjetects two important apoptosis events, caspase-3
atmosphere, 5% CGat 37C. For experiments, cells were activation and phosphatidylserine (PS) translocation in a
collected from subconfluent monolayers with accutase. TRghgle experiment. The MCF-7 and MDA-MB-231 cell lines
studies were carried out using cells from passages 3-7were incubated for 24 hours in a humidified dubator
on coverslips, which were previously coated with poly-L-
o lysine. The cell lines were challenged with the extract and

The effect of TCR on the viability of the cancer cells ihe negative control cell lines were challenged with the
was determined by MTT (3-[4,5-dimethylthiazol-2-yl]-2,5- 504 (v/v) methanol in water. The cells were incubated
diphenyl tetrazoliumbromide) assay. Briefly, 99 uL of thgyther for 6 hours and 12 hours to observe the apoptotic

Proliferation assay
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changes. After the respective incubation periods, the culturécroplate reader at a wavelength 405 nm and reference
medium was aspirated and the cells were washed wittavelength of 490 nm.

annexin V binding buffer. Then annexin binding buffer (100 . . )

pL), 0.2 mM NucVieWwM 488 caspase-3-substrate (5 pL) angptatistical analysis

sulforhodamine 101-annexin V (5 pL) were added to each All the data represented were mean + S.D (standard
cover slip and incubated for another 45 minutes. THéeviation) of triplicate. Statistical analyses were conducted
coverslips were washed with annexin V binding buffer andsing SPSS ver. 15.0 software. The significance between
mounted in annexin V binding buffer on to slides. Th&ontrol and treated groups was performed by student's t-

apoptotic events in the stained cells were observed und@$t and p values less than 0.05 were taken as significant.

a fluorescence microscope using FITC and Texas-Red filtefs,
o . : esults
The positively stained apoptotic cells were counted an

the apoptotic index was calculated as the number of To evaluate the activity ofCR on the growth of
apoptotic cells relative to the total number of cells. mammary cancer Ce||S, the MCF-7 Ce||S, a well established

model for the in vitro-investigation of estrogenic activities
Cell death detection by enzyme-linked immunosorbent assay and MDA-MB-231 (ER —ve) cells were employed.

(ELISA) o _ o
. . . Antiproliferative activities of T. calophylla
The mechanism of cell death, i.e. apoptosis or necrosis P phy

was quantitatively determined using the Cell Death Detection '€ €ffect of TCR was studied as a dose-response

ELISAPLUS assay [13] as recommended by the manufactur&xperimem for 48 h at the dilutions of 0.25-150 pg/mL. Both

This kit can detect and quantify both apoptosis and necros(fg." lines exhibited significanifCRinduced suppression of

Briefly, 99 L of the cell lines suspensions (MCF-7 an(growth. A dose-dependent inhibition of cell growth was

MDA-MB-231) were plated in 96-well flat-bottomed tissueobserved between 4-80ug/mL (Fig. _1). The antiproliferative
. effect of TCRwas more pronounced in MDA-MB-231 cells,
culture plates at a concentration ok 1.0* cells/well. After

. . . e which was mirrored in its GJ concentrations (Fig 1). The
incubating for 24 hours at 3C in a humidified incubator, . . .~ . "
sterilised solutions offCR were added to the respectiveSOA) inhibitory concentration GTCRwas 49.12 + 5.7ug/

lis of the plate. The final vol . h well 100 mL,(MCF-7) and 21.27 + 2.4ug/mL (MDA-MB-231). The
wetls ot the piate. The final volume In €ach well was Hyrowth of both cells was inhibited almost completely by
Each solution was repeated in minimum of three wells. T

, . 00 png/mL ofTCR At concentration of extract of up to 2ug/
plate was centrifuged at 6@t £C for 10 minutes. The

) mL no effect was observed on the proliferation of both cell
DNA fragments released from the cells due to necrosis Wq[Ses.

present in the supernatant layer. The supernatant was
carefully transferred without disturbing the cell pellets int@. calophyllainduced apoptosis in MCF-7 and MDA MB
a glass vial and stored in a refrigerator &€ 4ntil further 231 cell lines

analysis for necrosis. The cell pellet containing the apoptotic |n principle, a reduction of cell growth can reflect
bodies was resuspended in lysis buffer and incubated {§ither a decreased proliferation rate or an enhanced cell
30 minutes at room temperature. The plate was centrifugg€ath by either necrosis or apoptosis or a combination of
and cell lysate was transferred into a glass vial and storgse two mechanisms. We also investigated whether the
in a refrigerator at “C until further analysis for apoptosis. extracts can induce apoptois by monitoring the two important
i apoptosis markers: phosphatidylserine (PS) translocation
Supernatant and cell lysate solutions (20 L) Werg, ool membrane (identified by sulforhodamine 101-Annexin
plgced in triplicate into wells of streptawdm coatqu 14) and caspase-3 activation (identified by Nuc\Vew
microplate and added 80 uL of the immunoreagenjgg caspase-3 substrate, 15). The morphological changes
containing a mixture of anti-histone-biotin and anti-DNAyqre inspected by microscopy. Some cells were beginning
POD. The plate was covered with an adhesive cover f@ getach from the plate and becoming rounded after 6 h
and incubated for 2 hours at°®5in a shaking incubator {reatment ofTCR (50pg/mL for MCF-7 and 20pg/mL for
at 300 rpm. During the incubation period, the anti-histongpA-MB-231). Because loss of adhesion to the culture
antibody binds to the histone-component of th@ishes of tumoral epithelial cells has been described as an
nucleosomes and simultaneously captures thgoptosis-related event (16), we examined the morphological
immunocomplex to the streptavidin-coated microplate Vvigpoptotic changes on slides under bright field after 6 h and
its biotinylation. At the same time, the anti-DNA-POD12 h. In opposite to good spreaded cells in the negative
antibody reacts with the DNA-component of thecontrol, a morphological change with cell shrinkage was
nucleosomes. The unbound antibodies were washed wiftected in cell lines treated willCRextract. Necrosis was
incubation buffer. The amount of nucleosomes retained lyss prominent than apoptosis. In Fig. 2 the representative
the POD in the immunocomplex, corresponding to thghotomicrographs of MDA-MB-231 cells after treatment
extent of apoptosis and necrosis, was quantitativelyith 20 pg/mLTCRextract in comparison to solvent treated
determined photometrically with ABTS as substrate usingpntrol are shown.
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Fig. 1 Antiproliferative effect of Tephrosia calophylla  roots

To further substantiate the antiproliferative effects ofreen (Fig. 2). The induction of apoptosis BZR was
TCR the apoptotic cells were monitored by Annexin Mime-dependent (Fig. 3). In MDA-MB-231 cells an elevation
adherence and caspase-3 activation. In viable cells, PSnisapoptosis positive cells up to 29.6% was found after 6
located on the cytoplasmic surface of the cell membrane;hrand reached 49.7% after 12 h exposure to 20ud@rR
apoptotic cells, PS is translocated from the inner to the MCF-7, there were fewer apoptotic cellfCR at
outer leaflet of the plasma membrane, thus exposing R®ncentration of 50ug/mL inducing apoptosis in 20.8 and
Annexin V is a C& dependent phospholipids-binding40.5% after 6 and 12 h treatment. The solvent controls did
protein with high affinity for PS. The binding of not increase the spontaneous apoptotic rate in the two
sophorodaminel01-AnnexinV probe to PS that hamalignant cell lines tested.
translocated to the outer membrane cell produces red border ) o
around the cell under fluorescent microscope using red 10 duantitate and further support the finding theR
filter (Fig. 2). Caspase-3 (CPP32) is a cytosolic protein thgKPOSure causes apoptosis in cancer cells we performed
normally exists as a 32-kDa inactive precursor. It is cleav&§!l death detection by ELISA. Compared to solvent treated
proteolytically into a heterodimer when the cell undergoeiontrol, exposure of MCF-7 and MDA-MB-231 cellSTGR
apoptosis (17). The cleavage of Nuc\Vi#wes caspase-3 at 50 and 20 pg/mL concentrations resulted in 3.2- and 4.5-

substrate by activated caspase-3 stains the cell nucléd increases in induction of apoptosis while necrosis
induced byTCRis negligible (Fig. 4).

g

.ﬁ
&
£

(A (B)
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© (®)

(E)

Figure 2. Morphological changes of the MDA-MB-231 cell lines after 12 h treatement (A) solvent (0.5% v/v methanol)
only; (B) with 25 pg/mL of TCR viewed under bright field and stained cells viewed under FITC & Texas-red
filters using fluorescent microscope (C) red border around the cell indicating PS translocation; (D) green
nucleus in the cell indicating capase-3 activation; (E) green nucleus surrounded by red border indicating the
apoptotic cell.
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Figure 3. Time-dependent apoptosis of MCF-7 and MDA-MB-231 cell lines induced by calophylla roots
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Figure 4. Quantification of apoptosis and necrosis in MCF-7 and MDA-MB-231 cell lines induced by Tephrosia
calophylla roots

Discussion Therefore, we investigated the apoptotic changes in

. mammary cancer cells induced B¢R using dual apoptosis
The results reported herein revgal t_hat t_he me.thangfsay kit. The morphological changes occurred early, after
extract ofT. calophyllaroots exerts antiproliferative action 6 h treatment, with loss of adhesion. The apoptotic changes
on MCF-7 and MDA-MB-231 breast cancer cell lines. Th haracterised by PS exposure (detected by Annexin V
dying cells exhibit the ultrastructural and biochemica

features that characterise apoptosis, as shown by the | dperence) and caspase-S activation, as shown in Fig. 2 on
of viability, PS translocation and cap1ase-3 activation. Likg A-MB-231 cell lines are representative for both cell
many othér plantsfCRextract is a multicomponent mix.ture fines. About 40% of ER +ve qells and about 50% ER. Ve
with pharmacoiogically active  substances Thcells were undergone apoptosis after 1_2 h_ treatment with 50
antiproliferative activity may be attributed to a nurﬁber 0 r_1d 20 ug/mLTCRrespect!ver._These findings correspond
flavonoids and chalcones with the results from proliferation assays and suggest that
: TCR cytotoxicity appears to be explained in part by the
We first established the 50% growth inhibitoryinduction of apoptosis. Further, it was interesting to note
concentration using MTT assay. The MDA-MB-231 (ER _that there was a S|gn!f|cgnt increase in the level of apoptosis
ve) cell lines were significantly more sensitive than MCFeompared to necrosis in both mammary cancer cell lines
7 (ER +ve) cell lines with an approximately 2-fold variatiorfnduced byTCR(Fig. 4). To our knowledge this is the first
in the G|, concentration of th&CR The antiproliferative report showing t.he antiproliferative activity ©f calophylla
action of TCRon breast cancer cell lines is dose-dependeff cancer cell lines.
and probably evoked by ER-mediated and non—ER—mediat&;j .
mechanisms because of the various physico-chemic pnclu3|on
properties of individual components ®CR Discovery of In conclusion, to our knowledge this is the first report
active compounds from natural products with apoptosishowing thafl. calophyllaroots exhibits an antiproliferative
inducing ability rather than cytotoxic ability is of greateffect by induction of apoptosis that is associated with
interest for cancer treatment. Screening for anti-cancphosphatidyl serine translocation and caspase-3 activation
substances is commonly conducted using viability assays.MCF-7 and MDA-MB-231 cancer cell lines. As apoptosis
An inherent problem with this approach is that alhas become a promising therapeutic target in cancer research,
compounds that are toxic and growth inhibitory, irrespectiviese results confirm the potential Dfcalophyllaroots as
of their concentration-dependent mechanism of action, wdin agent of chemotherapeutic and cytostatic activity in
score positive. Apoptosis is essential for normaluman breast cancer cells. Howerver, more detailed studies
physiological development but is also critical in eliminatingre required to determine the exact mechanism(s) of action
any abnormal cells after exposure to genotoxic or DNAef T. calophylla specifically evaluating its effects on
damaging agents. epigenetic and signal transduction pathways.
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Derivative UV-visible spectrophotometry as detection technique
to the determination of ascorbic acid and paracetamol mixtures
using experimental design for the calibration matrix

C. BOSCH OJEDA, F. SANCHEZ ROJAS1, A.J. RUIZ SANCHEZ, M. ESPINOSA BOSCH
Department of Analytical Chemistry, Faculty of Sciences, University of Malaga, Malaga, Spain.

ABSTRACT

The importance of ascorbic acid (vitamin C) for the human immune system and for the prevention of various
diseases is a matter of common knowledge, on the other hand, paracetamol is an acylated aromatic amide,
which was firstly introduced into medicine as an antipyretic/analgesic by Von Mering in 1893 and has been
in use as an analgesic for home medication. The purpose of this study was to compare two techniques of
data analysis: Analysis of variance and linear multiple regression, as used to evaluate an experimental design
for matrix calibration to determine ascorbic acid and paracetamol in mixtures. Ascorbic acid and paracetamol
are simultaneously determined using mathematical equations.

Keywords: Ascorbic acid; Paracetamol; Experimental design; ANOVA; Multiple linear regression; Derivative
spectrophotometry

Introduction way. PCT and NSAIDs have the benefit of bearing no risk

Ascorbic acid (ASA) is an organic acid (Figure 1) Withof addition, dependence, tolerance, and withdrawal. Recent
antioxidant properties. ASA is easily oxidized and so igtupll_es have show'n that P.CT 'S associated _to hepatic
ggg;cny and renal failure despite of its apparent innocuous
C

used as a reductant in photographic developer solutio . . : :
(among others) and as a preservative. The L-enantiomer’ racter. Hepatic toxicity begins with plasma levels of PCT

ASA is commonly known as vitamin C. ASA and its sodium!" the 12(.]”19 mL* range 4. h after the .ingestion and an acute
potassium, and calcium salts are commonly used g mage is presented with plasmatic levels up to [0

N . . . .
antioxidant food additives. The concentration of a solutioW 4 h after the ingestion. Many analytical methodologies

of ascorbic acid can be determined in many ways the mf ve been proposed for the determination of paracetamol
common ways involve titration with an oxidizing agent. Th

determination of ASA by spectrophotometry, In this work derivative ultraviolet-visible
chemiluminescence ar!d fluorescence techn?ques, _Sorpti%'ﬁ'ectrophotometry has been used as detection technique
spectroscopy, and visual-test methods is revised Ry getermine ascorbic acid and paracetamol mixtures. Multi-
Zaporozhets and Krushinskaya [1]. level factorial design (3 has been used for the calibration
H@trix design. The design has been carry out in two block

antipyretic drug that is used for the relief of fever, headach d the order of experiments have been randomize for

and other minor aches and pains. Their determination ﬁ)ﬁOteCtt) they fr?m gccu:jt varlablesd. Jhe relsu!ts ?btamed
pharmaceuticals is of paramount importance, since Q Ve been analysed and compared by analysis of variance

overdose of PCT can cause fulminating hepatic necro&gd multiple regression analysis.

and other toxi.c_effects..PCT unlike other common analgesiﬁﬁaterimS and Methods

such as aspirin and ibuprofen has no anti-inflammator ]

properties, and so it is not a member of the class of drulggagents and Chemicals

known as non-steroidal anti-inflammatory drug®r Analytical reagent grade chemicals were used
NSAIDs. Like NSAIDs and unlike opioid analgesics, PCThroughout. Standard solution 1009 mL* ASA and PCT
has not been found to cause euphoria or alter mood in amgre prepared by (Fluka). Standards of working strength
were made by appropriate dilution as required, immediately

*Address for correspondence prior to use. Water was deionised with a Milli-Q system.
E-mail: fsanchezr@uma.es

Paracetamol (PCT) (Figure 1) is a common analgesic a
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Instrumentation and Software experimentally from absorption spectra and second

A Varian Cary 50 Spectrophotometer was used fdferivative spectra.
absorbance measurements. The spectra were obtained using

a cell of 1 cm optical path length. Table 1

Calibration matrix

Statgraphics plus 5.1 programs has been used O] Blockl ASA | PCT | Rowl Blockl ASAT PCT
experimental design and statistical studies. ®
pm) | (Ppm) (ppm) | (PPM)
The derivative spectrophotometry (DS) calculationg, 1 1 1 27 17 2 1 27
individual calibrations and mixture resolution analysis werg ' '
performed using Microsoft Excel. 2 1 6 1 18 2 1 43
Preliminary study 3 1 27 6 19 2 6 2.7
The spectral features of both analytes in homogenequs
solutions of PCT and ASA were previously establishedl. 4 1 2.7 4.3 20 2 4.3 2.1
Because the scans of the analytes overlapped, it wasg 1 43 6 ol 2 6 6
impossible to conduct a simultaneous determination by
conventional spectrophotometric measurements without 6 1 43 27 22 2 43 4.3
significant errors. . 1 6 6 - 5 5 43
The main problem of spectrophotometrig
multicomponent analysis is the simultaneous determinatipn 8 1 6 27 24 2 1 6
of two or more compounds in the same mixtures witholt 9 1 1 43 o5 2 43 1
preliminary separation. Several spectrophotometric
determination methods have been used for resolvifg 10 1 2.7 27 26 2 1 1
mixtures of compounds with overlapping spectra. Whgn
these methods are compared with each other, the range ofll 1 43| 43| 27 2 6 1
application of derivative spectrophotometry is more reliable
with respect to utility and sensitivity than norma L 1 6 43 28 2 2.1 43
spectrophotometry [3]. 13 1 4.3 1 29 2 27 6
Computer-controlled instrumentation and multivariate¢ 14 1 1 1 30 2 27 1
calibration methods are playing a very important role in the
multi-component analysis of mixtures by UV/VIS| 15 1 1 6 31 2 4.3 6
spectrophotometry. Both approaches are useful for the
resolution of band overlapping in the quantitative analysis. 16 1 2.1 1 32 2 2.7 2.1

In general, a multivariate calibration model is constructed

from instrumental response data collected for a set Bfesults and Discussion
multicomponent samples of known concentrations with

respect to the analytes of interest. Each method needs tB@ibration graphs

calibration step, followed by a prediction step in which the  The absorption spectra of ASA and PCT in the same
results of the calibration are used to determine thgixture are strongly overlapping in the wavelength range of

component concentrations from the sample spectrum. Thgo-300 nm. The direct determination of subjected compound
sequence diagram is shown in figure 2. in the mixture is not possible due to their overlapping

Calibration matrix and data analysis spectra. Therefore, a new approach by using gonventlonal

o . o . spectrometry and DS was developed for the simultaneous

The calibration matrix was statistically designed ovegietermination of the above-mentioned compounds. The

the concentrations ranges of 0.5-6 ag'nof each analyte. concentration ranges were tested for the preparations of

A multi-level factorial design (2 has been used for the cajibrations for both drugs and the working range between
calibration matrix design. The design has been carry out@s and 6ug mL* was selected.

two block and the order of experiments have been randomize

for protect they from occult variables. 32 synthetic mixtures  Table 2 contains the figures of merit of the calibration

of ASA and PCT were employed (according to Table 1). Thgraphs at the wavelength selected for PCT and ASA. A

concentration ranges were selected within the previousiyatistical analysis of the experimental data by fitting the

established linear calibration range for each compound.overall least-squares line according o= a + bx was
performed [4]. Good linearity was found in the concentration

Analysis of variance and multiple linear regressiopange 0.5-6 Y4g mL-1 for PCT and ASA in all cases.
techniques has been applied to the data analysis obtained
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Factorial design On the other hand, the results obtained fit the

Two level factorial designs have many advantages gpuations display in Table 4 for each selected signal. With
analytical procedures. In this method, there are comparisd§sPect to the linear regression model, the results obtained
available for each main effect on the experimental resuliere similar to the ANOVA after to eliminate the no significant
The total number of runs in factorial design is much legffects. In table 5 are showed the linear equations for this
as compared to the “one variable at a time” approac‘ﬁt.Udy-

Estimation of the interaction of effects is an additiona|

: . alidation of procedure
advantage over the “one variable at a time” approach. In P

this work, a multi-level factorial design [5]4,2nvolving 32 In the prediction step, the constructed calibration
runs were used to calibration. The factors and their leveli2dels were applied to the fifteen mixtures of analytes in
are shown in Table 1. the working concentration range and their results were

given in Table 6. These values indicate good predictive

The significance of the effects was checked bwgbility of the established models in all cases.
analysis of the variance (ANOVA) and usirigvalue o ] o
significance levels. This value represents the probability Bfétérmination of ASA and PCT in synthetic mixtures
the effect of a factor being due solely to random error. In order to check for potential synergistic effects of
Thus, if theP-value is less than 5%, the effect of théhe mixtures of two compounds, various synthetic mixtures
corresponding factor is significant. Table 3 shows thaere readily resolved by using pertinent regression equations
results obtained of these studies for the all selectéar different adjusted models. The analytical results are
wavelengths. Also, the ANOVA results produced the graphisted in Table 7. As can be seen, mixtures of the two
showing the interaction plot in figure 3, adjusted modednalytes can be resolved with satisfactory results.
graph in figure 4 and standardized Pareto chart in figure 5.

Table 2
Figures of merit
SelectedA Calibration graph
Linear range (¥ag mL?) Intercept Slope R

PCT ASA PCT ASA PCT ASA PCT ASA
Absorbance at 210 nm| 0.5-6 - 0.209 - 0.062 - 0.996 -
Absorbance at 240 nm| 0.5-6 - 0.049 - 0.076 - 0.999 -
Absorbance at 265 nm - 0.5-6 - 0.033 - 0.067 - 0.999
2" derivativeat 210 nm 0.5-6 - 0.001 - 0.002 - 0.986 -
2" derivative at 265 nnj - 0.5-6 - 0.004 - 0.006 0.976

Table 3
Analysis of variance

SelectedA P-value R-square

Source (%)

A: ASA B:PCT AA AB BB
Absorbance at 265 nm 0.0000 0.0001 0.2204 0.8470 0.193p 91.7748
Absorbance at 240 nm 0.0000 0.0000 0.4351 0.3477 0.3171 80.7776
2n derivative at 210 nm 0.8921 0.0000 0.5188 0.1125 0.751p 78.4343
2 derivative at 265 nm 0.0001 0.3643 0.5273 0.1014 0.0509 58.8326
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Table 4

Regression equations for different adjusted models

SelectedA

Equations for dependent variable (Y)

Absorbance at 265 nm

Absorbance at 240 nm

2" derivative at 210 nm

2" derivative at 265 nm

Y = 0.0342747 + 0.086395[ascorbic acid] — 0.00832696 [paracetamol] —
0.0034867[ascorbic acid} 0.000440207[ascorbic acid][paracetamol] +
0.00370601[paracetamd]]

Y = -0.075613 + 0.0741142[ascorbic acid] + 0.106285[paracetamol] —
0.00370461[ascorbic acid] — 0.00363919[ascorbic acid][paracetamol] —
0.0047672[paracetamd]

Y = -0.00114359 + 0.00134693[ascorbic acid] + 0.00312445[paracetamol]
— 0.0000972731[ascorbic acitl- 0.000199089[ascorbic acid][paracetamol]
— 0.0000476441[paracetamdl]

Y = 0.000797842 + 0.0003364[ascorbic acid] — 0.000481428[paracetamol]
+ 0.000028304[ascorbic aci@]— 0.0000611334[ascorbi acid][paracetamol]
+ 0.0000905355[paracetamdl]

Table 5

Linear regression models

SelectedA

Equations for dependent variable (Y)

Absorbance at 265 nm
Absorbance at 240 nm

2" derivative at 210 nm

2" derivative at 265 nm

Y = 0.0269511 + 0.0635289[ascorbic acid] + 0.0191559[paracetamol]
Y = 0.0435614 + 0.0354447[ascorbic acid] + 0.0601778[paracetamol]
Y = 0.00257124 — 0.0000307885[ascorbic acid] +

0.00209413[paracetamol]

Y = 0.000500344 + 0.000320561[ascorbic acid] —
0.0000616466[paracetamol]

o\ N?:D

(b)

Figure 1. Chemical structure of: a) Ascorbic acid; b) Paracetamol
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ELECTION OF ANALYTES
OPTIMIZATION

CALIBRATION STEP

|

FULL FACTORIAL DESIGN

|

CHECK SIGNIFICANCE OF THE EFFECTS

I

CALIBRATION EQUATIONS —

|

ANOVA MULTIPLE LINEAR )
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SAMPLE ANALYSIS _> PREDICTION STEP

Figure 2. Sequence diagram for calibration and prediction steps

PCT=6,0 |
05 // A
PCT=6,0
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03} PCT=1,0 |

Absorbance

ok ‘ ‘ ‘ ‘ ‘ g
0 01 02 03 04 05 06

1,0 6,0 Adjusted absorbance
Ascorbic acid

01- PCT=1,0 :

Experimental absorbance

Figure 3. Interaction factor for absorbance ( A=240 nm) Figure 4. Adjusted model graph ( A=240 nm)

B:PCT

A:Ascorbic acid
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AB
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) 4...

2 4 & 8 10
Standardized effect

Figure 5. Pareto diagram for absorbance ( A=240 nm)
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Table 6

Results for validation of procedure

ASA | PCT Selected wavelength (nm)
uo | mo Absorbance 265 Absorbance 240 "9 derivative 210 2¢ derivative 265
Lt [ mLt | Exp. | Adjusted | Adjusted | Exp. | Adjusted | Adjusted | Exp. [Adjusted | Adjusted | Exp. [Adjusted | Adjusted
Value value value Value | value value value | value value Value | value value
ANOVA Regression ANOVA | Regression] ANOVA | Regression ANOVA | Regression
1 1 |0.123] 0.1130 0.1096[ 0.137 0.0926 0.13p1 0.9036 0.0029 0.q04@0058 0.0007| 0.0007
1 2 | 0.155| 0.1162 0.1287] 0.198 0.1810 0.19pP3 0.9063 0.0058 0.OE00051 0.0004( 0.0007
1 3 | 0.126| 0.1268 0.1479] 0.3324 0.2598 0.25p5 0.0093 0.0085 0.J0880064 0.0003| 0.0006
2 2 | 0.195( 0.1930 0.1923( 0.238 0.23p7 0.2348 0.0048 0.0064 0.q0e0007g 0.0007| 0.0010
3 3 | 0.294| 0.2744 0.2750] 0.330 0.3565 0.33p4 0.9085 0.0092 0.0830082 0.0009| 0.0013
2 4 | 0.258( 0.2226 0.2306] 0.371 0.37y5 0.35p1 0.0111 0.0113 0.DO®O027 0.0006| 0.0009
3 6 | 0.345| 0.3534 0.3324( 0.591 0.51B9 0.51p9 0.0139 0.0155 0.q0=0015Q 0.0013| 0.0011
2 1 | 0.186] 0.1893 0.1731f 0.185 0.15P0 0.1746 0.0021 0.0038 0.q03®0111 0.0011| 0.0011
3 1 | 0.187| 0.2587 0.2366] 0.235 0.2089 0.21p0 0.9J036 0.0045 0.q04@0073 0.0015| 0.0014
1 4 | 0.186( 0.1449 0.1671] 0.349 0.3291 0.31p7 0.9092 0.0110 0.JDO0O045H 0.0004| 0.0006
1 5 | 0.174| 0.1704 0.1862| 0.400 0.3888 0.37P8 0.J090 0.0135 0.03WO074 0.0007| 0.0005
1 6 | 0.254| 0.2032 0.2054( 0.442 0.4390 0.44p0 0.0154 0.0159 0.q0=00055 0.0012| 0.0004
4 1 | 0.198] 0.3212 0.3002] 0.344 0.2485 0.24p5 0.9036 0.0049 0.J04®0099 0.0019| 0.0014
5 1 |0.308] 0.3766 0.3637] 0.328 0.2856 0.280p9 0.9063 0.0052 0.0600158 0.0025| 0.0020
6 1 | 0.283] 0.4251 0.4272 0.349 0.31p3 0.31p4 0.90093 0.0053 0.q083012Q 0.0031| 0.0024
Table 7 Analysis of variance and multiple linear regression
Resolton o ynvet PCT-ASA mxures (SIS i been appledf e data nalyes obaned
Concentration added Concentration found derivative spectra.
(hg mL™) (Mg mL™) The validation of the procedure has been carried out
ASA PCT ASA PCT by means of analysis ANOVA and of_ m_uI_tipIe regressions
for each one of the collected data, this it is absorbance and
1 1 12 08 second derivative. Similar results were obtained in all cases.
! 2 15 L7 Finally, the analysis of synthetic samples shows that
2 2 19 24 obtain good percentage of recovery in all mixtures assayed.
3 3 32 31
> 4 o4 40 References
3 6 29 70 [1] éip%rgég%t? OA, Krushinskaya EA. Anal Chem 2002;
2 1 21 10 [2] Espinosa Bosch M, Ruiz Sanchez AJ, Sanchez Rojas F,
1 4 11 43 Bosch Ojeda C. J Pharm. Biomed Anal 2006;42: 291-321.
1 5 0.7 55 [3] Bosch Ojeda C, Sanchez Rojas F. Anal Chim Acta 2004;
1 6 0.9 6.7 518: 1-24.
[4] Massart DL, Vandeginste BGM, Deming L. Kaufman SN.
Conclusions 1988, Chemometrics: A Textbook. Elsevier, Oxford.

. 5
Statgraphics plus 5.1 program has been used for tiul,\
creation of the calibration matrix, using a factorial design

multilevel (2% that consists of 32 executions.
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Phytochemical screenings and anti-bacterial activity of
alcoholic extracts of leaf and bark of Ficus mollis (vahl)

SREENIVASULU MUNNA*, JAYAVEERA. K.N!, MALLIKARJUNA RAO.P?
) Sri Padmavathi School of Pharmacy, Tiruchanoor, Tirupathi-517503 , Andhra Pradesh, India
Director, Oil Techanology Research Institute, JNTU-Anantapur -515001, Andhra Pradesh, India.
International Medical University, Bukit Jalil, Kuala Lumpur, Malaysia

ABSTRACT

The present study designed for phytochemical screenings and to evaluate the anti bacterial activity of
alcoholic extracts of leaves and bark Kitus mollis which is a large size tree considered useful for
application in cutaneous diseases. The antibacterial activities of the extrats against 3 gram positive bacteria
Streptococcus griseusStaphylococcus auren®acillus subtilis and 2 gram negative bacteracoli,
Pseudomonas aeruginosavere tested by cup and plate agar diffusion method . The results showed that
both extracts exhibited antibacterial activity against gram positive bacterias but no activity against gram
negative bacteria.

Key Words: Ficus mollis Bark, Leaves, Phytochemical, Antibacterial, Tetracycline, Erythromycin.

Introduction 6.3% respectively. The crude extract was dissolved in
distilled water and subjected to preliminary phytochemical
screening. [4, 5]. Which showed the presence of, alkaloids,
large size tree. Branchlets fulvous with small Severg{ermds,_'fannlns _and carboh_ydrates. The_n 100'.”‘9 .Of crude
tomentosagl].It is also used as folk medicine. The decoctioftract dissolved in 20ml of dimethylsulfoxide which is used
of leaves of.mollis mixed with leaves oMadhuca indica © perform the antibacterial activity on both gram positive
Used for ear ache [2] and gram negative bacteria.

Ficus mollis (vahl) Syn. Ficus tomentos@oxb)
belongs to familyMoraceaelt is a minoecious evergreen

A review of literature did not reveal any information o> M|croorgan|sm_s_ . . _
on studies. Hence in the basic present work in phytochemical The gram positive and gram negative strains bacteria

antibacterial activity of the leaf and bark alcoholic extract4ere obtained from Venkateswara University Tirupati. The
of Ficus molliswas studied selected strains of gram positive and gram negative bacteria

and reference antibiotics were given below

Materials and Methods

i S.no | Test organism Antibiotic
The fresh leaves and bark d¢ficus mollis were - -
collected from the local area of Tirumula hills, Chittoof 1 E.coli Erythromycin
district, Andhra Pradesh, India during September 2006.The 2 Pseudomonas aeraginosp Erythromycin
plant was authenticated by assistant professpr 3 Bacillus subtilis Tetracycline
Dr.K.Madhava Chetty , Depar_tmen_t of Botany, Herbarium 4 Streptococcus griseus Tetracycline

paper, Sri Venkateswara University, Tirupati. The plant .
specimen accession number is 870 (Eud-11/2006, 870) and ° Staphylococcus aurens | Tetracycline

preserved in the herbarium of the department.
Antimicrobial Assay

Preparation of Extracts . _ L . .
Anti microbial activity was carried out using cup

The fresh leaves and bark were shade dried Coar?ﬁhéted diffusion method. [6]. Petri plates were prepared with
powered by using cutter mill [3] and extracted with 95055 ml of sterile Mudler Hinten agar (MHA) (Hi media,

alcohol in a soxhelt apparatus. The extract was concentramgmbai) The 100 mg of crude leaf and bark extraticfis
by distillation under vacuum. The yield of the concentratedl Jiis were dissolved in 20 ml of dimethyl sulfoxide in this

crude alcoholic extracts of leaves and bark was 7.4% aBFEpared solution 250pg/50ul of concentration is present
*Address for correspondence: for the stock solution accurately weighed 0.2g of antibiotic
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Table No. 1

Antibacterial activity against gram positive bacteria

Phytochemical screening

S.No| Test Organism Zone Of Inhibition
Antibiotic 10ug/50pl Leaf Bark
Leaf Bark 250ug/50pl 250ug/50pl
1 Streptococcus griseus 16.5mm 17mm 11.5mm 9.0mm
2. Staphylococcus aureug 17mm 17mm 10.5mm 8.5mm
3. Bacillus subtilis 19mm 19.5mm 9.0mm 8.0mm
Table No. 2
Antibacterial activity against gram negative bacteria
S.No| Test Organism Zone Of Inhibition
Antibiotic 10ug/50pl Leaf Bark
Leaf Bark 250ug/50pl 250ug/50pl
1 E.coli 18mm 18mm e —_—
2. Pseudomonas aerugingsa 17.5mm 18mm —_— —_—
Table No. 3

Chemical test

Leaf Extract + Distilled Water

Bark Extract + Distilled Water

1ml acetic anhydride +
2ml H,SO,

1ml Conc HSO,

Shaken in graduated
cylinder forl5 min

Iml NH+ 1ml
Lead acetate

1ml 5% FeC)
Solution

1ml 10% Lead
acetate Solution

1ml of 10% Potassium
Hydroxide + dichromate
solution

Reddish purple
formed

Reddish blue in
chloroform layer

lcm of stable
Froth not formed

No white precipitate
is Obtained

No greenish
black precipitate

Yellow precipitate
is Obtained

Yellow precipitate
is Obtained

Presence of]
Steroids

Presence of
Steroids

Absence of
Saponins

Absence of
Saponins

Absence of
annins

Presence of
afnins

Presence of
ainins

Observation Inference Observation Inference

Mayer’s Test Yellowish buff Alkaloid Yellowish buff Alkaloid
colored precipitate Present colored precipitate present
is obtained. is obtained.

Wagner'sTest Reddish brown Alkaloid Reddish brown Alkaloid
precipitate Present precipitate Present
is obtained is obtained

Dragondroff's Orange brown Alkaloid Orange brown Alkaloid

reagent precipitate Present precipitate Present
is obtained is obtained

Tollen’s’ test Silver mirror is Carbohydrate Silver mirrorls Carbohydrate
formed is present formed is present

Reddish purple
formed

Reddish blue in
chloroform layer

1cm of stable
Froth not formed

No white precipitate
is Obtained

Greenish black
precipitate is formed

Yellow precipitate
isObtained

Yellow precipitate
isObtained

Presence| of
Steroids

Presence of
Steroids

Absence pf
Saponins

Absence of
Saponins

Presence of
annins

Presence (f
Bnnins

Presence pf
Bnnins
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(Erythromycin and Tetracycline) were dissolved in 5ml of

Based on the results we can use these new drugs for

dimethylsufoxide. At last by serial dilutions the last dilutiortherapy of infectious diseases in humans.

concentration is 10ug/50ul of antibiotic is present which is

used as a control. The Petri plates inoculated with bofReferences

samples and control antibiotic. Then the plates wefg]
incubated for 24 hours at 37RR Celsius and zone of inhibition
recorded in millimeters.
2
Results and Discussion 2
The preliminary phytochemical studies of alcoholid3]
extract of bark and leaves Bicus molliswere studied. The
guantitative and qualitative studies shows the both extra¢#$
shown noticeable more antibacterial activity against gram
positive bacteria but no activity against gram negative
bacteria. (5]

The qualitative analysis of these samplesFafus 6]
mollis reveals the documentary proof for the presence of
active secondary metabolites, like alkaloids and tannins,
which are responsible for antibacterial activity.

*
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Phytochemical analysis and screening for antimicrobial activity of
Clerodendrum inerme  (l.) Gaertn : a mangrove plant

MUR'I;HY YLNY, NAGESWAR PANDIT E, VISWANATH IVK! AND LAKSHMI BS?
Dzepartment of Organic Chemistry, School of Chemistry, Andhra University-530003, AP
Departmant of Botany, Andhra University, Visakhapatnam-530003, Andhra Pradesh

ABSTRACT

Extraction ofClerodendrum inermégL.) Gaertn Aerial parts resulted the isolation of two Diterpenes and

one sterol. The crude extract and the isolated crystalline compounds were evaluated for their antibacterial
and antifungal activity. The results indicate that Ethyl acetate and methanolic extracts, and the isolated
compounds exhibited significant antimicrobial activity.

Keywords: Clerodendrum inerme Crystalline constituents; Antimicrobial activity.

Introduction Plant Material

Clerodendrum inerme (L.) GaertnA Mangrove Plant, The stem ofC.inerme,was collected from Odalarevu
family: Verbenaceae is a common shrub that grows in Sout°15'N latitude and 82L5'E longitude) Kakinada estuary
Coastal India, and is a recognized medicinal plant havi India in Dec. 2005. Plant was identified by Professor B.
alterative febrifugal properties [1]. Two basic proteins wer&ondala Rao, Dept. of Marine Living Resources, Andhra
identified from this Mangrove and studies indicate thdgniversity, Visakhapatnam. The voucher specimen (Code:
they possess potential antimicrobial activity [2] and\U/248) is deposited at the Marine Museum of the school
cardiovascular system activity [3]. It also stimulates uterirff Chemistry, Andhra University and National Institute of
motility in rats and inhibits intestinal motility [4]. Its roots, Oceanography , Goa , India .

when boiled in oil, are useful in the treatment of Rheumatism . .

o : . : . The literature survey reveal that various groups
[5], skin diseases, Beri Beri [6]. In this study we aimed at . . .

. L . L . - .worked onClerodendrum inermand reported the isolation
chemical examination and screening for antimicrobial act|V|tg . . . )
of Clerodendrum inerme(Ethyl acetate and Methanol f the crystalline constituents as Dlterpenlods.[.7—1.0],

Sterols [15-18], Steroidal glycosides [15-18], iridoid

extracts) against some bacteria and phytopathogenic fungl.” ~ i o . . i
Isolation of bioactive compounds & invitro screening of itgyCOSIdeS [19-21], iridoid glucosides [22] ,Neolignans [11

activity was investigated and compared with authentlﬁﬁa{;gggféziggﬁ; %g;j]] , Diterpene Quinines [15-17] and
antibiotics and fungicides. T

Extraction procedure

Experimental Part
P . Shade dried and finely powdered stems (3 kgs) of
Materials and Methods C.inermewere extracted with Ethyl acetate and Methanol

H and *C-NMR spectroscopy were recorded usinl%uccesswely. The residue obtained from the Ethyl acetate

either a Bruken DPX 300 or a Varian Gemini 200 instrume
Silica gel (100-200#) (Merck) was used as stationary pha
in C.C . Silica gel (Merck) 60,F, 0.2 and 0.25 mm was used
for analytical and preparative TLC respectively. Fraction¥ . )
from CC were combined as indicated by TLC. The Spo%ver silica gel and the three crystalline compounds are
were visualized under UV light or by spraying with Methangfolated and coded as: Cl-I to CI-lll.

/'H,S0, Characterization and identification of crystalline
constituents

xtract (29gms) was subjected to column chromatography
C'é.C) over silica gel using solvents of increasing polarity
rom n-hexane — Ethyl acetate; 300 fractions (0.5 Lt each)
ere collected. The fractions obtained, were further purified

*Address for correspondence:

murthyyln@yahoo.co.in Identification of Cl — | :
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17-(1,2-Dimethyl-propenyl)-10,13-dimethyl- MS m/e: 332 (3%), Elemental analysis Found: C 75.90; H
2,3,4,7,8,10,12,13,14,15,16,17-dodecahydro-1H3.60; O 14.41;

cyclopenta[ajphenanthren-3-ol. C,,H,, O, requires C 75.92; H 9.63, O 14.45.
CI-I : white crystalline needless (30mg) Crystallized froml_

Ethanol as shining needles. he above Spectral characteristics are compared with the

i data published [34-37] and further comparison with an
[o],- 47U(CHCL); mp: 158-160C, Rf = 0.64 Hexane: CHCIl  guthentic sample (mmp & coTLC); the structure of CI —llI

(9.5:0.5) is assigned a#ll .
IRv,__cm:3414,2939,2865,1640, 1617, 1376, 1244, 1219,

1059,966,722, 618 Crystalline constituents
'H NMR (300MHz, CDCJ.50.79 (3H,d, J = 6.2Hz),0.84 (3H,d,

J =6.8Hz),1.2-1.5 (methylenes),1.06 (3H,s),1.75 (6H,s),5.01 _

(1H,dd,J = 8.1,15.1H2),5.35 (1H,br d, J = 4.8Hz) ; MS mle :
340 ( 3 %) Elemental analysis Found:

C 84.79; H 10.57; O 4.70;,(H,_ O requires C 84.70; H 10.58;
04.72.

The above Spectral characteristics are compared with thdO

related published Spectroscopic data [25-27]. The structure Cl-1i
was assigned ak Cl-I was further compared with the Cl-1

authentic sample (coTLC and mmp) and found identical.

Identification of Cl — Il :

(3R,4aR,5S,6R,8a R)-5-(2-Furan-3-yl-ethyl)-3,4a,5,6,8a-
pentamethyl-3,4,4a,5,6,7,8,8a-

octahydro-naphthalen-1-ol
CI-Il : White solid (25mg) Crystallized from MeOH :

[a]ZDs-176.4L'J mp: 287UC, Rf = 0.56 Hexane: EtoAc (9.5:0.5)

Rv_ . cm™: 3416, 3120, 2918, 2849, 1618,1465,1280,1025,
722; cl-1

"HNMR (300 MHz , CDCJ) :- 0.74-0.81(6H,m), 1.02 (6H,d,

J=6.6 Hz), 1.04 (3H,dd, J = 3Hz), 1.40-1.10 (methylenes),

4.70 (1H,olephenic protons), 6.27 (1H), 7.28 (1H),7.40 (1H$tudy of microbialactivity

MS m/e : 304 (5%), Elemental analysis Found : C 78.94;  |jterature survey [2] reveals that this mangrove
H 10.48;0 10.50; & H,, O, requires C 78.96;H 10.52 ;0 plant crude extract exhibits Antimicrobial activity. Hence in
10.52. this present investigation it is proposed to study the

The above Spectroscopic data is in accordance with tfglivity of the extract as well as the crystalline constituents.
published literature data [28-33ind Based on the above The results are presented in Table Il and I.
spectral characteristics: the structure of CI-Il is as&gn%mi Microbial Assay

as:1l Identification of CI — 1lI : . , . ,

The Antimicrobial activity of Clerodendrum inerme
(5S,6R,8aR)-5,6,8a-trimethyl-5-[2-(3-0x0-cyclobutyl)-ethyl]-(j) Mmethanolic extract & (ii) Ethyl acetate extract and (jii)
3,4,4a,5,6,7,8,8a-octahydro-naphthalene-1-carboxylic aGid active chemical compounds, were investigated by the
methyl ester cup diffusion method of Murry et al. (1995) [38], on nutrient

CI-Ill : White solid (30mg) Crystallized from MeOH: ~ @gar medium for bacteria and potato dextrose agar for
Fungi. The sterile medium (20ml) in Petri dishes were

mp: 83 [ a]:;o_g 40( CHCL ); Rf=0.62 Hexane-EtoAc (9:1) uniform]y. smeared with cult.ure of testgd .organismg. Wells
of 6mm diameter were made in each Petri dish, to which 50pul

IRv,_cn 2941, 1740, 1685, 1638, 1450, 1375, 1235, 1109f the different concentrations of plant extracts and its
1043, 886, 620 compounds; concentration 1pg/ul was added. The study

Iso include with Beacon Multi Disc antibiotics and Bavisti
'HNMR(300MHz,CDCJ):50.80-1.3 (9H,methyls),1.4-1.8 (br & oo 1 10¢ WILY Beacon Vull ZISc antiblofies and Bevistn

fungicide standard drug for comparison. For each treatment,
‘,]m_etzyﬁ:-zr;fa protons),2.6 (4H,d)3.69 (3H,s,81),6.60 (1H.t, triplicates were examined and recorded.
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The plates were incubated at° 37 for 18 hrs for

Activity as evidenced by zone of inhibition .and the

Bacteria or at 25C for 48 hrs for fungi. The diameter of thedata is recorded in Table —I.

resulting zone of inhibition was determined with Hi
Antibiotic Zone Scale. The data were presented in Tableﬂ?jwu

| and II.

Ten pathogenic bacteria and ten phytopathogenic fun
were obtained from the microbial type culture collectio

Investigations on fungal species, viAspergillus
sandLasiodiplodia theobromaewhich are important
post harvest seed and fruit rot disease causing fungi ; the
zone of inhibition against the plant extract and
e compounds are significant. The data is presented in
able-II.

(MTCC) Chandigarh. and ATCC from New Delhi as detailed

below.

Micro Organisms: - Bacteria

In case of some fungi viz [Fusarium oxysporum,
Acremonium strictum andJstilago maydis the Ethyl
acetate and Methanolic extracts possess antimicrobial
activity against these organisms, but these organisms reveal

G -I.-Ve 3 a high resistance to the compounds. The results showed

Bacillus Subtilis MTCC - 2274 that the Ethyl acetate and methanolic extracts of this

Bacillus pumilis MTCC - 2296 mangrove species exhibits the synergistic effect of the

Enterococcus faecalis MTCC - 0439 compounds.

Micrococcus  luteus MTCC - 1538 All compounds isolated from the ethyl acetate fractions

Streptococcus faecalis MTCC - 0459 (CI-l, CI-Il and CI-lll) showedsignificant antimicrobial
activity. More promised activity was observed against fungi

G- Ve at the concentration of 1 pg / 1 ul in  the present study.

Erwinia Carotovora MTCC - 1428 All the results are presented in Table-I. The results indicate

Escherichia coli ATCC - 9637 that_ the compour.ld.I (CI-I)_ exhibited more antlbacterlgl &

i ) anti fungal activity against all organisms tested in our
Klebsiella pneumoniae MTCC - 2405 present study. CI-Il & CI-Ill compounds of this mangrove
Pseudomonas marginalis MTCC - 2758 plant also showed prominent anti fungal activity and the
Proteus vulgaris MTCC - 0426 results are presented in Table-Il.

Micro Oganisms :- Fungi The results support the traditional use of this
_ ) mangrove plant considering the deleterious effects of
Acremonium strictum MTCC -3072 synthetic pesticides, on life supporting systems.
Aspergillus flavus MTCC -1884 . . _ .
Aspergillus niger MTCC -1881 .The increasing prevalgnc.e of.multldrug resistant
, strains of untreatable microbial infections adds urgency to
Clado.sporlum herbarum MTCC -2143 the search for new infection fighting strategies. This in
Fusarium oxysporum MTCC -1755 vitro screening of plant extract and compound, for
Lasiodiplodia theobromae MTCC -3068 antimicrobial bioassay, infers their potential use in the
Penicillium expansum MTCC - 2006 management of diseases caused by microbes.
Penicillium chrysogenum MTCC -1996 Acknowledgements
Physoderma maydis MTCC -2802 Financial support from Department of Ocean
Ustilago maydis MTCC -1474 Development, (D.O.D) Delhi is gratefully acknowledged.

Results and Discussion

We are grateful to Indian Institute of Chemical Technology
(1.1.C.T) Hyderabad, for the supply of high resolution NMR

Phytochemical studies on this species has resultegectral data.

the identification of different class of compounds , most

important class being glycosides, iridoid glycosidedR€ferences

diterpeniods, triterpenoids, diterpene Quinines, flavonoids] Chopra RN, Nayer SL, Chopra IC, Glossary of Indian
and sterols. The results obtained in this microbial study medicinal plants, CSIR, New Delhi, 1956 ; 71.

indicate a prominent antimicrobial activity among microbep] Chen H, Tan RX, Liu ZL ,Zhang Y, YangJ Nat Prod
tested againsClerodendrum inermgEthyl acetate and 1996; 59: 668-670

Methanolic extracts and also the crystalline compoundg}] Prasad V, Srivastava S, Varsha and Verma HN, Plant Science
Activity was more pronounced against human pathogenic  1995; 10: 73-82.

bacteria. Out of the ten bacteria screened, seven showgd perry LM, Medicinal Plants of East and Southeast Asia.
significant antibacterial MIT Press;Cambridge MA, 1980.
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Table - |
Antibacterial activity of Clerodendrum inerme Methanolic & Ethyl acetate extracts and the isolated crystalline compounds

1451

Minimum inhibitory | Minimum inhibitory

concentration concentration  of
Micro organisms (200mg/ml} of Compounds Zone of Beacon multidiscs for Standard Antibiotics

extracts Zone of inhibition (mm)

Inhibition (mm)

EtOAC MeOH CH CI-ll CHIl | CL5 CZ30 X030 SP5 J10 AK30 OF5

extract extract 5vag/disc  30%g/disc  30%g/disc  5%g/disc  10¥g/disc  30%g/dids/sg/dsc
Bacillus Pumilis 23 23 13 14 15 30 NA NA 27 NA NA 27
(MTCC - 2296) +Ve
Enterococcus faecalis NA NA 8 7 NA 15 NA NA NA NA NA 12
(MTCC - 0439) +Ve
Micrococcus luteus 20 18 9 9 8 22 10 NA 23 NA 17 23
(MTCC - 1538) +Ve
Streptococcus faecalis 13 NA 7 NA 7 20 NA 19 15 NA 18 14
(MTCC - 0459) +Ve
Escherichia coli 22 22 8 9 7 15 NA NA 15 NA 15 20
(ATCC - 1937) -Ve
Klebsiella pneumonia 12 11 10 10 7 20 10 NA 20 8 18 20
(MTCC - 2405) -Ve
Proteus vulgaris 20 20 NA NA NA 20 NA NA 20 NA 10 20
(MTCC - 0426) -Ve

2'anss| « £10A ¢ Ansiway) pue Aoewseyd Jo feuinor

Values including diameter of the well (06.0mm), are the mean of three replicates.a = 50pl of solution (50mg/ml) was appheseih.NA = Not Active
Used antibiotics names: - CL-Ciprofloxacin, CZ=Cettazidine, XO=Ceftriaxone, SP= Sparfloxacin, J=Gentamycin, AK=Amikacirj}@€m Of



Table - 1l

Antifungal activity of Clerodendrum inerme: Methanolic & Ethyl acetate extracts and the isolated
crystalline compounds

Micro Organisms Minimum inhibitory Minimum inhibitory Standard Fungicide
concentration of concentration of Minimum inhibitory
extracts(100mg/ml} Compounds(1pg/1pl) concentration  of
Zone of Inhibition Zone of inhibition Bavistin
(mm) (mm) Zone of
EtOAC MeOH Cl-l  CI-ll - CI-Nl mg/ml inhibition
extract  extract

Ascremonium strictunfMTCC - 3072) 13 12 NA| NA| NA 0.01 12

Aspergillus flavus(MTCC - 1884) 14 14 10 8 7 0.01 18

Aspergillus niger(MTCC - 1881) NA NA NA | NA | NA 10 19

Cladosporium herbarun{MTCC - 2143) 17 16 13 13 14 0.01 14

Fusarium oxysporun{(MTCC - 1755) 14 13 NA| NA| NA 100 25

Lasiodiplodia theobromagMTCC - 3068) | 15 14 10 12 12 6 12

Penicillium expansun{fMTCC - 2006) 15 14 NA|[ 13 12 0.001 13

Penicillium chrysogenunfMTCC - 1996) 14 16 NA| 14 13 0.001 13

Physoderma maydigMTCC -2802) 13 13 11 12 12 0.1 10

Ustilago maydis(MTCC - 1474) 33 21 NA| NA| NA 0.1 12

5]

[6]

[7]

(8]
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Phytochemical Analysis and screening for Antimicrobial activity of
Clerodendrum inerme ( L.) Gaertn a Mangrove plant
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Anti — inflammatory activity of stem of Calycopteris floribunda

T.SATYANARAYANA, M.CHINNA ESWARAIAH*, A .BHARATHI, M.SRINIVAS.
Pharmacognosy and Phytochemistry, University College of Pharmaceutical Sciences, Andhra
University,Visakhapatnam-530003.

ABSTRACT

The methanolic extract and chloroform fraction of stenCalycopteris floribundavas screened for anti-
inflammatory activity in carrageenan induced (1% sodium cmc. s.c.) paw oedema at the dose levels of
100mg/kg.p.o and 200mg/kg.p.o respectively and compared to the standard drug diclofenac sodium (5mg/
kg b.w.p.0). The results were found to be significant (P<0.05) activity when compared to control group.

Keywords: Calycopteris floribundaAnti-inflammatory, Carrageenan, Diclofenac sodium.

Introduction powdered stem (1500gms) was extracted with methanol by

Calycopteris floribundaLam, (Combretaceae) a scandemthe process of continuous extraction (soxhletion).The crude

woody shrub with slender brown streaked diffuse branch tract was ev_aporated t(_) dryness ina rotary_fllm evaporator
oteava,Equitron, Medica instrument, India ).60 gm of

occasionally twining around supports and storing wat ; . .
abundantly.Commonly known as Kokkarai in Hindi methanolic extract was obtained.The methanolic extract was

Minnarakoti in Tamil, Adivijama, in Telugu.The plant isractionated with Hexane (10x250 ml) and chloroform

grown in central and southern parts of India [1], the Ieav&OXZSOmI). _A” solubles were conce_ntrated and the
rcentage yield of hexane soluble fraction was 1.6gm and

are reported to have medicinal uses as a laxative a‘fﬁ ; luble fracti 18.5 d o
anthelmintic medicine, while the juice derived from th&'1orotorm soluble fraction was - gns and remaining
ethanol soluble extract was 28.5 gm. Preliminary

young twigs is used for the treatment of diarrhoe . ) .
dysentery and malaria [2]. Fruits are used for jaundic hytochemical studies of chloroform fraction revealed
fesence of alkaloids and the methanolic soluble extract

flowers are reported as anti-tumour agent [3]. Previo ted itive f f i . d tannins 6
phytochemical studies have reported on the isolation of tﬁ%s ed positive for - flavonoids, saponins and  tannins [6].

flavonoids calycoptrin, quercetin [4] and five biflavonoidsanimal Used

[5] from the leaves and flowers. The evaluation of the stem Wistar albino rats of either sex weighing between 200-

of Calycopteris rorlbun_dan the treatment qf inflammation 259 gm were obtained from M/s. Mahavir Enterprises,
has not been reported in the laboratory animals. The presgn

. - derabad, The animals were housed under standard
studies were performed to assess the Anti mflammato%
a

activity against carrageenan induced paw oedema methg vironmental conditions (temperature of22°C with an
yag g P érnating 12 h light — dark cycle and relative humidity of

MATERIALS AND METHODS 60 + 5%), one week before the start and also during the
_ experiment as per the rules and regulations of the Institutional
Plant material Ethics Committee and by animal regulatory body of the
The stem of Calycopteris floribundaLam. were government (Regd: No: 516/01/A/CPCSEA). They were fed
collected from Bhubaneswar, Orrisa state,India, angith standard laboratory diet supplied by M/s. Rayans
anthenticated by Dr.M.Venkaiah, Associate professor, Depiotechnologies Pvt. Ltd., Hyderabad, and watktibitum
of Botany, Andhra University.A voucher specimen
(No.TSNDOP08/2006) was deposited in the herbarium &fetermination of Acute Toxicity [7]
our department. Acute toxicity studies were performed for extracts
, according to the toxic classic method as per OECD
Preparation of extract guidelines. Female albino rats were used for acute toxicity
Freshly collected plant material was shade dried study. The animals were kept fasting for overnight providing
room temperature and coarsely powdered in Wiely mill. Thenly water, after which the extracts were administered
orally at the dose of 300 mg/kg and observed for 14 days.
If mortality was observed in 2 out of 3 animals, then the

*Address for correspondence:
Email: eswarmaram@yahoo.co.in
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dose administered was assigned as toxic dose. If the mortafigction (100mg/kg, 200mg/kg) also produced significant
was observed in 1 animal, then the same dose was repeaégtliction which are comparable with that of standard drug
again to confirm the toxic dose. If the mortality was nadiclofenac sodium(5mg/kg). The effect produced by the
observed, the procedure was repeated for further higledtracts is dose dependent. The results are given in Table:(1)
dose i.e., 2000 mg/kg, 2500mg/kg, 3000mg/kg. and Fig:(1,2).

Screening of Anti -Inflammatory Activity Carrageenan has been widely used as a noxious agent

Carrageenan-induced rat hind paw oedema method [8,9] able to induce expenme_ntal mf_lgmmatlon for the_st_:reenmg
of compounds possessing anti-inflammatory activity [11].

Ant|-|.nflammatory activity of chlqroform fraction anq This phlogistic agent, when injected locally into the rat
methanolic extract of stem of C.floribunda  was studiedy\y produced a severe inflammatory reaction, which was
using carrageenan induced hind paw oedema method. WigiRlcernible within 30 min [12]The development of oedema
Albino rats  of either sex were divided into 6 groups of si¥,q,,ced by carrageenan corresponds to the events in the
animals each. Group | served as control and was  treaigd phase of inflammation, mediated by histamine,

with vehicle (1% sodium cmc) groups Il and Il were treategj, 4y kinin and prostaglandins produced under an effect of
with methanolic extract o@.ﬂorlbundaat dose of 100 and cyclooxygenase [13]. The anti inflammatory activity of
200 mg/kg b.w.p.o respectively, group IV and V rats Wergsa|p’s is reported due to the inhibition of prostaglandin

treated with chloroform fraction dt.floribundaat dose of ineynthesis through their interaction with PG synthetase
100 and 200 mg/kg b.w.p.o respectively and group VI WefRey markedly reduced the paw oedema [14].
treated with the standard diclofenac sodium 5 mg/kg b.w.

All the doses were administered orally according to their The percentage inhibition of the maximal paw oedema

body weight. volume with two different doses methanolic extract of stem
) of C. floribundawere 54.02+2.05 with 100 mg/kg, 70.21+0.44

After 30 min of above treatment, 0.05 ml of 1% 200 mg/kg and two different doses chloroform fraction
carrageenan in saline was injected = s.c into subplani@fc fioribundawere45.97+0.32 with 100 mg/kg, 59.77+0.42

tissue of left hind paw of the animals. The degree of payi, 200 mg/kg against standard drug diclofenac sodium

oedema of the groups was measured using Zeitlinssq/kq which produced 78.16+ 0.58 at fourth hour.
apparatus [10ht 1, 2, 3, 4, 5 and 6 hours, after the

administration of carrageenan to each group. Zero hour In conclusion,the methanolic extract and chloroform
readings are the initial paw readings of the animals. Thiaction of stem ofC.floribundawas found to possess anti-

degree of paw oedema was calculated as follows: inflammatory activity mediated via either inhibition of
phospholipase A (PLA,)) activity or cyclooxygenase

Y= Yo pathway and by blocking the release of vasoactive

Percentage increase in paw thicknessz—xloo substances(histamine,serotonin and kinins). The anti-
0 inflammatory activity of plant may be attributed mainly to

_ ) o L the constituents such as the presence of flavonoids, in
Y, = paw thickness at the time't’ hours (after injection),Y methanolic exrract and alkhaloids in chloroform fraction

= paw thickness at the time ‘0" hours (before injection)q g be responsible for the anti inflammatory activity.
Therefore % increase due to carrageenan = ( % increase in

RP - % increase in LP) RP= Right paw, LP =Left paw Acknowledgment
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The results expressed as Mean + SEM were calcula . .
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using ANOVA followed by Dunnett’s Test values P<0.0
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Table-1
Percentage inhibition of carrageenan induced paw oedema in rats

Treatment Percentage inhibition Percentage inhibitionmg
mg/kg of the maximal paw of total (AUC) paw
oedema during 6h oedema during 6h
Drug vehicle 0.00£0.5 80.0+0.13
0.05 ml/mg.s.c.
Standard 78.16+ 0.58 80.25+0.13***
5mg/kg.p.o.
MECF 54.02+2.05 53.07+0.69**

100 mg/kg.p.o

MECF 70.21+0.44 69.03+0.49**
200 mg/kg.p.o

CFCF 45.97+0.32 45.52+0.32**
100 mg/kg.p.o.

CFCF 59.77+0.42 58.83+0.29*
200 mg/kg.p.o

MECF- Methanolic extract ofCalycopteris floribundaCFCF- Chloroform fraction of Calycopteris floribundaP***
<0.001, P** <0.01, P** <0.05 when compared to control.
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Effect of the methanolic extract and chloroform fraction of Calycopteris floribunda ,100mg/kg,200mg/kg respectively
along with the standard, diclofenac sodium 5mg/kg on A) The maximal and B) The total paw oedema in carrageenan
induced rats.

[7] “Guidlince document on acute oral toxicity testing” Series ofil0] Battu GR, Zeitlin 13, Gray Al, Waterman PG. British J
testing and assessment No.24, organization for economic  Pharmacol 1999;128: 274-280.

co-operation and development, OECD Environment,heal . . . .
and safety publications,paris,1996 (www.oecd.org/ehs). Yh] ‘]m?: H]’_gl\éogénze MD. Chicago, Year book medical publishers,

[8] Winter CA, Risley EA, Nuss GW. Experimental. Biology. . . . o
Medicine, 1962: 3: 544-547. [12] Roch-Arveiller M, Giroud JP. Pathol Biol 1979; 27:615.

[9] Turner RA.YScreening Methods in PharmacologyY Academiéls] Vinegar R, Truax JF, Selph JL. Fed proc 1976; 35: 2447.
Press Inc, London, 1965;544. [14] Mascolo N, Sharma R, Jain SC, Capasso F. J
Ethanopharmacol 1988; 22:219.
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Kinetic analysis of oxidation of ofloxacin by sodium
n-chlorobenzenesulfonamide in acid medium:
a mechanistic approach

N.NANDA" AND S.DAKSHAYANI
*Department of Chemistry, B.M.S. College for Women, Basavanagudi,
Bangalore 560 004, Karnataka, India

ABSTRACT

The kinetics of oxidation of ofloxacin(OFL) by Sodium N-chlorobenzenesulfonamide or chloramine-B(CAB)

in presence of HCI at 3@ follows the rate law, -d[CAB]/dt = k [CAB] [OFE][HCI]Y , where x and y are

less than unity. The decrease in dielectric constant of the medium decreased the rate. Variation of ionic
strength and addition of benzenesulfonamide have negligible influence on the rate. The reaction has been
studied at different temperatures and the activation parameters for the composite reaction have been
calculated. Decomposition constants involved in the reaction mechanism are evaluated. Oxidation products
were identified by spectral (IR and NMR) data. The proposed mechanism assumes the simultaneous
catalysis by H and Cl ions and is consistent with the observed kinetic data. An appropriate rate law has
been derived.

Keywords: kinetics, oxidation, mechanism, ofloxacin, chloramime-B

Introduction Ofloxacin [9-fluoro-2, 3-dihydro-3-methyl-10-(4-methyl-1-
Considerable attention has centred around chemisfiP&"aziny!)-7-oxo-7H-pyrido-[1, 2, 3-de]-1, 4-benzoxazine-6-

of aromatic sulfonyl haloamines. These compounds hal rboxylic acid] is a synthetic broad spectrum antibiotics

diverse properties and behave as bases and nucleophjeesve|0peOI during the last decade. It belongs to the

and nitrenoids in some cases. They interact with a wi Iéloroqumo_lones group, which act as specific |nh|b!tors of
range of functional groups, effecting a variety of moleculatPe ba(_:terlal DNA-gyrase, the_ enzyme r_espon5|b|e _for
ﬁ)nvertmg double stranded DNA into a negative superhelical

transformations. The monohaloamines are two electr ; . )
grm. Quinolones are considered to be the most effective

oxidants and the prominent member of this class ) " .
chloramine-T (CAT) which is a by-product of sacchaririStgalnSt many gram-positive and gram-negative pathogens
combat infections caused by micro-organisms that are

manufacture. Chloramine-B (CAB) is a stable compound ; . . )
esistant to other microbials, such as tetracyclines. There is

with a slightly higher active chlorine content, than itd . ) .
analogue CAT. The N-CI bond of these compounds a substantial body of literature related to the mechanism of
Ieir action as DNA-gyrase inhibitors and to the influence

fairly strong electrophiles because chlorine leaves as ’ i tic structural dificati their biological
ion in reactions.The oxidation potential of monochIoraminegcti?iltsyema IC struclural modification on their biologica

sulfonamide couple varies with the pH of the mediunf!
Chloramine-B is gaining importance as a mild oxidant and |nteraction of ofloxacin with various metal ions was
it can be easily prepared from benzenesulfonamide agfl,gied for the determination of ofloxacin
chlorine. Although sufficient reports are available about thgyectrophotometrically and polarographically in
mechanism of oxidation of substrates by CAT [1-3], similapharmaceutical formulations ~ [7-10]. Hence, ofloxacin
information about CAB is scanty [4-6]. In view of these;ings extensive applications in pharmaceutical industry. It is
facts, there is a considerable scope for the extention gfieq that despite the importance of this drug, the literature
work with CAB to get better insight of the speciation okyrvey reveals that there is no information about the
CAB species reaction models and understanding of i&idation kinetics and the mode of action at the molecular

redox chemistry in solution. level of this drug. This prompted us to undertake the title
*Corresponding Author reaction. This investigation helps in elucidating the
E-mail : n_nandashankar@yahoo.com mechanism of close related metabolic conversion of OFL in
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biological systems, deducing the appropriate rate law aadd NMR(Bruker, drx 500, FTNMR, SF=125.75 MHz)spectral
also to identify the reactive species involved in the oxidaticstudies.

processes. The results are well discussed in this _
communication. IR(KBr), 3 cm: 1626s(C=0), 1729s(C=0)acid, 3359s(OH),

3260s(NH).

Experimental _ _ 'H NMR(DMSO)ppm: 2.59(-1\/_\ N-CH3),
Analar grade chloramine-B (Fluka, Switzerland) was N/

used and its purity was checked by iodometry. An aqueods’8(1H,NH,br,s), 7.73(1H,d,m),
solution of CAB was prepared, standardized and preserved
in brown bottles to prevent its photochemical deterioratio:49(2H:m), 1.60(3H,d,Me), 8.83(0H,s).
Ofloxacin(BTH, India) was used without further puriﬁcation-l-he liberated CQwas identified by the lime water test.
and the solution was prepared in very dilute concentration
of HCI. The acid present in the substrate solution is algddition of reaction mixture to aqueous acrylamide solutions
taken into account in the calculation of the total acighiled to initiate polymerization, ruling out the possibility of
present in each case. All other chemicals used were iafolvement of free radicals.
analytical grade. Double distilled water was used throughout.

Results And Discussion

Kinetic Measurement The kinetics of oxidation of ofloxacin by CAB was
The kinetic runs were performed under pseudo firstinvestigated at several initial concentrations of the reactants
order conditions of [substraje}> [oxidant]. Requisite in HCI medium.
amounts of solutions of the ofloxacin and HCI were placed
in stoppered pyrex boiling tubes whose outer surfaces Under pseudo first-order conditions of [OFE>
were coated black to eliminate photochemical effects. KcAB], at constant [HCI] and temperature, plots of log
required amount of water was added to maintain a constdqf\B] vs.time were linear (r > 0.9864) indicating first-order
total volume for all runs. The tube was thermostated in ¢gpendence of rate on [CABJThe pseudo first-order rate
water bath set at a given temperature (e.g°C30To this constant (k) was not affected by a change in [CAB]
solution was added a measured amount of pre-equilibratg@nfirming the first-order dependence of the rate on [GAB]
CAB solution to give a known concentration. The reactioflable-1). Values of k' increased with increase in [OFL]
mixture was periodically shaken for uniform concentration§Table-1). A plot of log k' vs.log [OFL]was linear (r =
The progress of the reaction was monitored by iodomet®9908) with a slope of 0.50, thus indicating a fractional-
titrations for two half-lives by withdrawing aliquots of theorder dependence on [OFL]Furthermore, a plot of k'
reaction mixture at regular time intervals. Pseudo first-ord¥p.[OFL], was also linear(r = 0.9890) with a Y-intercept,
rate constants (k') calculated from log[CAB] vs. time plot§onfirming the fractional-order dependence on [QFL]

were reproducible within  * 3 — 4 %. The regression L o .
. . . . The rate of reaction increased with increase in [HCI]
analysis of the experimental data to obtain regressi n ) . ~
- o : A ? able-2) and a plot of log k' vs.[HCI] was linear (r = 0.9950)
coefficient ‘r' was carried out on an fx-100W scientific’ . . \
calculator with a fractional slope of 0.52. Also, plot of k' vs.[HCI] was
' linear (r = 0.9924) with a Y-intercept. Keeping the total
Stoichiometry and Product Analysis chloride ion concentration in the reaction mixture constant
t 0.10 M with NaCl, [H] was varied using HCI. The rate

: increased (Table-2) with increase in*Tknd a plot of log
over [OFL] were kept in the presence of 7.5k M HCI for K vs. log [H] was a straight line (r =0.9886) with a

24 hours at 3. Estimation of unreacted CAB in reacuonfractional slope of 0.40. At constant H=2.5x10? M,

(r;nétere showed that one mole of OFL consumed four mOIerr?aintained with HCI, the rate increased with the addition of

NaCl (Table-2).A plot of log k' vs. log[@lwas linear (r

C H,N,O,F+4PhSONCINa+4HO =0.9948) with a slope of 0.12. Furthermore, plots of k' vs.
1w [H*] and K’ vs. [C]] were linear (r > 0.9897) with Y-intercepts.

Reaction mixtures containing a known excess of [CA

C,H,N,O,F+4PhSONH,+4NaCl+2CQ @)

120 Addition of the reaction product, benzenesulfonamide

The reduction product of CAB, benzenesulfonamidéBSA, 1.0x1®-5x10° M) or variation of ionic strength of
(PhSQNH,) was detected [5] by TLC using petroleummedium with NaCIQ(1.0x10°2.5x10° M) did not affect the
ether-chloroform-butan-1-ol (2:2:1 v/v) as a solvent systemate significantly. The dielectric constant of the medium
and iodine as a spray reagenttR0.88). The reported,R was varied by addition of MeOH (0-20% v/v) to the
value is consistent with the literature value [5]. The oxidatioreaction mixture. The rate decreased with increase in MeOH
product of ofloxacin (7-fluoro-3 methyl-2,3-dihydro-8-(4-content. A plot of log k' vs.1/D, where D is the relative
methy! tetrahydro-1-piperazinyl) benzoxazine-5-glyoxyligermittivity (dielectric constant) of the medium, was linear(r
acid) was characterized by IR(Nicolet Impact 400D,FTIR)0.9916) with a negative slope.
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The reaction was studied with varying temperature (293-383sproportionation and/or hydrolysis, to give the
K), keeping other experimental conditions constant. Frodlichloramine, benzenesulfonamide and HOCI. Thus the
the linear Arrhenius plot of log k’ vs.1/T (r= 0.9935) valueprobable oxidizing species present in acidified CAB solution
of composite activation parameters, ', “S", “G" and log are PhASONHCI, PhSQNCI, and HOCI. If the dichloramine
A were computed. These results are summarized in Tableere to be the oxidizing species, a second-order dependence
3. of rate on [CAB] is predicted along with a retardation of
_ _ o _ rate by the sulfonamide. Similarly a first-order retardation of

Because organic haloamines have similar chemicglie by penzenesulfonamide is expected, if HOCI is the
properties[11-14], it is expected that similar equilibria existsactive species. Since these are not observed, the likely
in solutions of these compounds. Chloramine-B, which l§xidizing species of CAB is the conjugate acid PRGEL!.
analogous to chloramine-T, behaves like a strong electrolyte, | 1ations of Hardy and Johnston [lef aqueous
in both acidic and alkaline media. In general, CAB undergogso,mamine-B (BAB) solutions have shown that the
a two-electron change in its reactions. The oxidatiogynjugate acid is predominant species in acid solutions. If
potential of CAB/PhSENH, is pH dependent and decreasegap is assumed to be similar to CAT and BAB, then

with increase in the pH of the medium. Bishop an13>hSC3NHCI is the likely oxidizing species to react with OFL
Jennings[11], Morriet al., [12] and Higuchi et al., [15] 4 the present case.

have established the presence of several equilibria in

acidified CAT solutions. The work of Zilberg [16], In the present investigations, oxidation of ofloxacin
Mogilevski et al.[17]and Mahadevappa and Rangaswamipy CAB in acid medium shows first-order dependence of
[18] have indicated the operation of similar equilibria imate on [CAB] and fractional orders on [HCI] and
acidified CAB solutions. Chloramine-B ionizes in aqueoufsubstrate] There is no involvement of benzenesulfanomide
solution, as in pre-equilibrium with the oxidant and the absence of any
ionic strength effect suggests that neutral species are
taking part in the rate limiting step. Based on the above
bservations, the mechanism of the reaction is best explained
y Schemel which predicts simultaneous catalysis by H
and Cl ions:

PhSONCINa— PhSQONCI + Na*

The anion picks up a proton in acid solution to giv%
monochloramine (PhS®HCI), which can undergo

+
PhSQNHCI + H' + CT _K: N~ PhSON (I)'l(;CL...Cl (i) fast
Kz . ..
X+ OFL — X (i) fast
x o _Kx (il)) slow and rds
X"+"HCl.....C _——  Products (iv) fast
Scheme 1
In Scheme 1, X is the active oxidizing species, X’ and K,K,[CAB] [OFL]H*][CI]
X" represent the intermediate complex species whog§¥'] =
structures are shown in Scheme 2, where a detailed 1+K[HY[CIT+K K [OFL][H*][CI]

mechanistic interpretation of ofloxacin oxidation in acidlhen,

medium is proposed. Step (iii) of Scheme 1 determines the
overall rate, -d[CAB] KKk [CAB] [OFL][H"][CI]

rate =
rate = -d[CAB)/dt = K[X] ) dt 1+KH*][CI"+K K [OFL][H*][CI]

3)

If [CAB], represents the total concentration of the oxidant,

h The rate law [Eqg. (3)] is in agreement with the
en

experimental results. Since rate = k' [CAB&ate law (3) can
[CAB], = [PhSQNHCI] + [X] + [X] be transformed as,

from which solving for [X’] and substituting its value in KKK [OFLIHICI]

- ved - @)
Eqg. (2) following rate law [Eq. (3)] can be derived : 1+ KHICH] + K K,[OFLIHTICI ]
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1 1 1 1 gives a straight line with a negative slope for a reaction
= + + (Between a negative ion and a dipole or between two
K K KK [OFL][H][CI'] Kk [OFL] K, dipoles, while a positive slope results for a positive ion-
dipole interaction. The negative dielectric effect observed
in the present studies clearly supports the negative ion and
(6? dipole or dipole-dipole interaction reported.

1 1 1
= { +1} +
K’ Kk[OFL]  K[H'[CI] K The reduction product of CAB (benzenesulfonamide)
does not influence the rate, showing that it is not involved
) ) _ in pre-equilibrium. The negligible effect of ionic strength of
From ,the intercepts of the linear d’ouble reciprocghe medium confirms the ion-neutral molecule interaction in
plots of 1/k’ vs. 1/[OFL] at fixed [HCI]; 1/k’ vs. 1/[H an_d_ the rate determining step. These observations are in
1/k’ vs. 1/[CI] at constant [OFL], values of decompos|t|0ncomcormity with the proposed mechanism.
constants found were 6.5x38}, 5.9x10%s* and 5.6x10s*

respectively and were therefore comparable. The proposed mechanism is also supported by the
moderate values of energy of activation and other

The effect of varying solvent composition on thehermodynamic parameters. The highly positive values of
reaction kinetics has been described in detail in the wetic™ and “S indicate that the transition state is highly
known [19-20] monographs. For the limiting case of zergolvated, while the highly negative “S values suggest
angle of approach between two dipoles or an ion-dipot@at the transition state is rigid with a less degree of
system, Amis [20] has shown that a plot of log k' vs. 1/Breedom.

Table 1

Effect of varying concentrations of reactants on the rate
of reaction at 303 K

Table 2

Effect of varying concentrations of HCI, H and CI ions
on the rate of reaction at 303 K.

10 [CAB] /M | 10°[OFL}/M 104K( s
- 1 [HCI] |10%k’ |10% [H*]"| 10°k’ |102[CI]” |10t K
1.00 5.00 357 M (s) M (sY) M (sY)
5.00 5.00 355
10.0 500 356 10 128 15 1.49 15 1.1§
250 500 354 25 2.02 25 2.08 25 14
50.0 5.00 350 5.0 2.89 5.0 2.90 5.0 1.8
5_% ;08 ;.29 75 3.55 75 3.59 75 2.04
5. 5 A7 .
500 500 355 10.0 7.49 10.0 4.12 10.0 216
5.00 7.50 4.34 [CAB], =5.0 x 10" M; [OFL] =5.0 x 1G M.
5.00 10.00 471 * Experiments conducted at constantJGl 0.10 M.
5.00 250 545 ** Experiments conducted at constant Tk 2.5x10? M.

[HCI] = 7.5x10% M.
Table 3

Effect of temperature on the rate of reaction and values
of activation parameters for the oxidation of OFL by
CAB in HCI medium

Temperature | 10°K’ Activation parameters
K) (s?)
293 1.49 E(kJ mol) 67.7
303 355 “H' (kJ mot?) 65.1
313 9.44 “G (kJ motY) 95.0
323 20.1 “S (JK'mol?) -95.6
333 41.2 log A 9.98

[CAB], =5.0 x 10' M; [OFL], = 5.0 x 1C M;
[HCll=7.5x 1 M.
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Adsorptive stripping voltammetric determination of an
anticancer drug: tamoxifen
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Tirupati — 517502, A.P., India

ABSTRACT

Electrochemical behaviour of tamoxifen, non-steroidal anticancer drug was studied using a Hanging Mercury
Drop Electrode (HMDE) from Differential Pulse Adsorptive Stripping Voltammetry (DPAdSV). The effect of
pH, accumulation potential and accumulation time were examined and consequently analytical parameters
were evaluated. Britton-Robinson (BR) buffer of pH 4.4 was found to be the best medium for the
determination of the above drug. The calibration plot was found to be linear from2M @1 x 16" M

with a limit of detection of 5 x TOM with an accumulation time of 60 sec. Further, this method was also
applied successfully for the determination of tamoxifen in serum samples.

Keywords: Tamoxifen, adsorptive stripping voltammetry, serum samples

Introduction several drugs [16-18]. The adsorption of tamoxifen onto a

hanging mercury drop electrode (HMDE) can be used as an

effective preconcentration step before a voltammetric
easurement .In this way, a highly sensitive, measurement
this drug at low level (found in serum after therapeutic

Tamoxifen, 2—[4-(2-ethyl-1,2biphenylethenyl)-
phenoxy]-N,N-dimethylethylamine dihydrocitrate (TX) [1]
is a synthetic compound of the non-steroidal antiestrog
used widely for the treatment of hormone depende . . :
breast cancer [2-6]. Moreover, the significant differences pses of ng/ml) tamoxifen can be achieved .Such techniques

activity elucidated by the tamoxifen in a variety of animal’ measuremeg;oof slerL{[m cc&n::eptratlons tOf t.TM a][e
species are puzzling; tamoxifen is a pure estrogen agorﬂgtcessary in-or cvaluate and toxic concentrations o

in the mouse uterus, a partial agonist/ antagonist in R ch drugs. In this Paper, the .electroactiv!ty of TX on
chick oviduct [7-10]. The polarographic behavior o DE has been studied for using Adsorptive Stripping

tamoxifen and other triphenylethylene derivatives wa bitammetry (ASV).

analyzed by Fijalek et al [1], who used it for determinin ;

these drugs in pharmaceutical tablets. The oxidation %xperlmental

tamoxifen at a glassy carbon flow detector was exploited féPParatus

its amperometric monitoring in chromatographic effluent  Voltammetric measurements were carried out using

[11]. The potentiometric behavior at a glassy carbolletronm E-506 (Herisau, Switzerland), polarecord in

electrode was examined by Wang et al [12]. An unexpectedmbination with Metrohm 663 VA stand and 612VA Scanner

selectivity of a propranolol — derived molecular imprint fowas used. Cyclic voltammetric studies were performed with

tamoxifen was studied by Martin et al [13]. Induction oMetrohm 757 VA Computrace. All the potentials were

mutations in rats after treatment them with tamoxifen arréferred to Ag/AgCl reference electrode, and a platinum

hydroxyl tamoxifen was studied by Gamboa et al [14]. Avire was used as a counter electrode. Digital pH meter

new screening assay for estrogens using an array ty(p#anna Instruments, Italy) was used for pH measurements.

DNA glass slide was investigated by Sung et al [15]. All experiments were performed at room temperature and
the dissolved oxygen was removed upon passing pure

The main challenge in developing a procedure for thgtrogen gas through the solution.
measurement of any drug substanisedigh sensitivity

associated with applications to real samples. AdsorptiVeeagents

stripping voltammetry has effectively been used for the A stock solution (1 X 16M) of tamoxifen (Glenmark,
determination of nanomolar or subnanomolar levels @fiumbai) was freshly prepared in a pure 20% methanol and
*Corresponding Author stored at #”C in the dark. A series of standard solutions
E-mail : sreedhar_ny@rediffmail.com were then prepared daily by dilution with 20% methanol
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from the stock solution. Britton-Robinson (BR) andate from 5 to 200mVsThe corresponding plot of log s
phosphate buffers were used as supporting electrolytése v has a slope of 0.89, which is in close proximity to 1.0,
All reagents were of analytical grade. Deionized doublge value expected for an ideas reaction of surface species
distilled water was used throughout the work. [20]. According to the formula for an adsorptive system of
irreversible electrode reduction [21].Cyclic voltammetric data

Procedure . .
) ) .. of tamoxifen present in Table 2.
A 10 ml of supporting electrolyte solution containing

a known amount of tamoxifen was added to the cell and E,.=2-44(RT/na F) = 62.50. n, mV (25C)

purged with purified nitrogen for 8 min. Pre-concentration

was then achieved at a new drop at a potential of 0.0v, The number of electron transferred in the rate-

while the solution was stirred at 400 rpm. The stirring wagetermining step (hwas estimated to be 2, corresponding

then stopped, and after 15s a negative-going scéma 2- electron reduction of ethylene group to a ethane
was initiated using the following parameters: scan ratierivative. Thea value was 0.74 as determined from the

5 mVs?; pulse amplitude 25 mV and medium sized drop.dependence of the peak current on the logarithm of the

i L scan rate.
Analysis of tamoxifen in serum

Serum samples (1 ml) were buffered with a4 ml of 0.1  The nature, pH and concentration of the supporting
M NaH,PO/NaHPQ (pH 7.0) and a 8 ml of chloroform. The electrolyte all influence the voltammetric response. Two
tube was vortened for 20 min and centrifuged for 5 mirsupporting electrolytes were used such as phosphate and
The organic phase was evaporated to dryness &@0y BR buffer solution were tested. The best results with
using a gentle stream of nitrogen. The residue wasspect to enhancement, shape and reproducibility were
redissolved in 1 ml of methanol. Quantification wagbtained BR buffer solution. Addition of methanol (at 20%

performed by means of the standard addition methogl) to the BR buffer pH 4.4 was found to be essential for
adding successive aliquots (100 ml) of 1XWDtamoxifen.  maintaining a stable tamoxifen solution.

Results and Discussion Fig.3 shows plots of cathodic peak current of
Adsorptive properties of tamoxifen adsorptive stripping voltammetry vs. the accumulation time
Fig.1 shows the differential pulse adsorptive strippinfP" three different concentration of TX. Larger the
voltammogram for a solution of 5xIamoxifen in BR accumulation time, the more TX is adsorbed and the larger
buffer (pH 4.4) with no accumulation and in thelS peak current. As the accumulation time increases, the
corresponding stripping response after dipping the HMDEeak current tends to level off, showing that adsorptive
in a solution stirred at 400 rpm for a period of 60s at 0.0 ¥quilibrium is established. Larger is the concentration;
The spontaneous adsorption of tamoxifen can be usedsh®rter is the time to reach the equilibrium. As indicated in
an effective preconcentration step, prior to electrochemicaig.3, it seems to be more probable that a full surface
measurement, making a highly sensitive quantitation. Nspverage is attained at 2x4 TX after a period of 60s can
response was observed at the nanomolar level unless thggeexplained in terms of a possible repulsion interaction of
was some preconcentration. As the preconcentration perig@ polar molecules of TX in adsorbed state, once full
increases, there is a rapid increase in the oxidation peaksfface coverage of the electrode has been reached. Under

large and a well-defined peak is observed at +1.74V. Asygese conditions, the charge transferred in the first anodic

result, tamoxifen can be readily measured at the nanomol!;gak corresponds to 7.6x1M as calculated by interfering

concentration level. The assay results for tamoxifen We peak. A monolayer surface coverage of 1.4%bel
formulation in pH 4.4 are given Table I. cn? can be estimated by division of the change by nFA(

Fig. 2 shows repetitive cyclic voltammograms for 1x101=4, F=96500C and A=0.014C)n; consequently, each
8M recorded after dipping the HMDE in a stirred solutiorRdsorbed TX occupies an area of 1.1nRecovery studies
for an accumulation period of 60s. Subsequent scans exhiiglded the results given in Table 3.
dramatic decrease of the peak current to a stable value . . e o
representing the response of the solution species .This js A Marked increase in sensitivity results from stirring
obvious indication that TM has an adsorptive characteristige solution during the preconcentration step. For example,
at the mercury electrode. No peaks are observed in #i#fing of 1xX1O'M TX at 400 rpm for 60s resulted in a 4-
cathodic branch indicating an irreversible redox proces®ld current enhancement compared with quiescent solution.
Such an anodic signal is attributed to the cyclization reactidiie dependence of the stripping peak current on the
to form the corresponding phenanthrene derivative. A similgieposition potential was examined over the range 0.0V to
mechanism was earlier proposed for the oxidation @5V. TX exhibits strong adsorption of comparable magnitude
tamoxifen [1] and related compounds [19] at variousver the entire range. A potential of 0.0V value was chosen
electrodes .The peak current increases linearly with sctm all subsequent analysis.
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Table 1

Determination of tamoxifen in pharmaceutical formulation by using AdSV
Pulse amplitude: 25 mV  Drop time: 2 Sec

Name of the Labeled Amount Recovery* Standard RSD%
formulation amount (mgQ) Found (mg) (%) Deviation
20 1.95 97.55 0.02 11
Nolvadex 5.0 4.96 99.20 0.03 0.6
10.0 9.83 98.30 0.02 0.2
20 1.96 98.00 0.02 11
Tomofen 5.0 4.95 99.00 0.04 0.7
10.0 9.87 98.71 0.07 0.7

*Each value is an average of three determinations.

Table 2

Typical cyclic voltammetric data of tamoxifen
Concentration: 0.5 mM Scan rate: 40 mV$

pH of the -Ep ip D x 1¢ K%,
supporting —_— _— an, | — | @ —
electrolyte \% PA CmZ? Cms?
20 0.66 403 0.87 597 9.56x1@
40 0.91 4.05 0.85 5.80 7.38x10°
6.0 101 3.80 0.75 547 7.20x10°
80 113 3.65 0.67 521 6.12x104
10.0 118 340 0.59 5.05 2.80x10°
120 1.23 3.30 0.55 497 9.78x10®
Table 3
Recoveries of tamoxifen in human serum sample
sample Labeled Amount Recovery* Standard RSD%
amount Found (%) Deviation

(mg) (mg)
| ntra- day 0.30 0.33 1110 0.03 85

0.80 0.83 103.75 0.03 34
| nter-day 0.30 0.27 99.33 0.02 79

0.80 0.77 130.75 0.03 34

Analytical Application was determined). A precision expressed by the relative

When using the optimal conditions (GOSstandard deviation, was 2.8 %( n =10 at 1X10

preconcentration period, 0.0V deposition potential; 0'1'\Anal sis of tamoxifen in serum

(pH 4.4) BR buffer and 400rpm stirring rate), the response y

was linear over the concentration range 2Xi®1X10M, A direct determination of tamoxifen in a serum sample
following the equation ip (nA) = 0.017+1.51 ¢ (nM) with aiS not possible, since the surface-active substances that
correlation coefficient of 0.999. A detection limit (5Xx® May be present in serum can be competitively adsorbed on
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the electrode surface, giving rise to a significant depressierperiments according to Miller and Miller [22]. The relative
of the signal. Thus, an extraction procedure usingtandard deviation was 2.6. The detection limit (estimated
chloroform is proposed. Fig.4 shows a recovery experimesss the concentration corresponding to a signal-to-noise
for the determination of tamoxifen within a concentratiomatio of 3) was 10ng/ml of serum.

range 50-250 ng/ml of serum. The stripping peak current )

depends linearly on the TX concentration according to tfeonclusion

equation ip(nA)= 0.0051+0.75c (ngilr = 0.998). Recovery In summary, it is noticed that the results reveal that
experiments are performed by repeated measurements (ng@3orptive voltammetry at mercury electrode is a powerful
of serum samples containing different amounts of TX (ifechnique for the determination of TX in low concentrations,
the range 50 and 250 ng/ml of serum). The mean recovefyen in serum samples. Compared to other techniques [23]

in the range mentioned above was 96.5% with a meg@fe present method is convenient, economical and is
relative error of 2.1%. The precision of the measuremendglequately accurate with good precision.
was calculated from the regression lines of the recovery
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The broken line represents a serum sample
without Tamoxifen; (a) 50ng/ml of serum; (b) 100ng/
ml of serum; (c) 150ng/ml of serum and (d) 250ng/
ml of serum. Other conditions of in Fig.1
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