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Abstract: There is a growing interest in the food industry and in preventive health care for the development
and evaluation  of  natural  antioxidants  from  medicinal  plant  materials.  In  the  present   work,   flowers  of
M.  champaca plants used in ayurveda and traditional purposes in India were screened for their enzymatic,
non-enzymatic  antioxidants  with  antioxidant  potentials  in  aqueous,  ethanol and methanol extracts. The
Folin-Ciocalteu procedure was used to assess the total phenolic concentrations of the extracts as Gallic acid
equivalents. A modified reverse phase high pressure liquid chromatography (RP-HPLC) was used to obtain
chromatographic profiles of the phenolic compounds in the medicinal plants. The predominant phenolic
compounds detected in different extracts of the flowers were catechin, quercetin, caffeic acid and p-coumaric
acid. Results indicated that high levels of phytochemicals such as phenols, flavonoids, tannins as well as
antioxidant potential were found to be more in the methanol extracts of M. champaca dry flowers. It is very
interesting  that  the  levels  of  enzymatic  antioxidants  were  found  to  be  high  in  the  aqueous  extracts  of
M. champaca fresh flowers.

Key words: Medicinal plants  Antioxidant activity  Total phenolics  RP-HPLC  Enzymatic and non-
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INTRODUCTION carcinogenesis in laboratory animals [5]. Therefore, the

There has been interest in the contribution of free antioxidant of natural origin are desire [6]. Michelia
radical reaction participating in reactive oxygen species to champaca is also called Nag champaca and belongs to
the overall metabolic perturbation that result in tissue family Magnoliaceae. The flowers of Michelia champaca
injury and disease. Reactive oxygen such as superoxide were widely used in Ayurvedic Tailams like Baladhatryadi
anion, hydrogen peroxide and hydroxylradical are taila and Chandanabalaksadi taila and Mahaalaakshaadi
generated in specific organelles of cells (Mitochondria Tailams is used for massage in fevers, disturbed sleep and
and Microsomes) under normal physiological condition. general debility. In folk medicine, it was use to treat
These reactive oxygen species can damage DNA, so as to varoius diseases including renal disease, haemorrhoids
cause mutation and chromosomal damage, oxidize cellular etc. However, studies on polyphenolic compounds and
thiols and abstract hydrogen atoms from unsaturated their properties in these flowers are little known. Our
fatty acids to initiate the peroxidation of membrane lipids objectives in the present study were to determine: 1.The
[1-2]. Recently, various phytochemicals and their effect on antioxidant properties and its efficiency in the aqueous,
health, especially the suppression of active oxygen methanol, ethanol flower (both fresh and dry) extract of
species by natural antioxidant from tea, spices and herbs, Michelia champaca; 2. Evaluate the different levels of
have been intensively studied [3]. enzymatic antioxidants and 3. Assessing the qualitative

The most commonly used antioxidants at the present analysis of polyphenols in the above mentioned flower
time  are  butylated  hydroxyanisole  (BHA),  butylated extracts using standard polyphenols by RP-HPLC. The
hydroxytoluene (BHT), propylgallate (PG) and difference in the extracts from fresh and dry on antioxidant
tertbutylhydroxytoluene (TBHQ) [4]. However, there are activities were also compared. Since this may be important
suspicion of being responsible for liver damage and for alimentary or pharmaceutical purposes.

development  and  utilization  of  more effective
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MATERIALS AND METHODS (Hitachi, Germany) followed by recording the absorbance

Materials: Methanol HPLC grade from Merck, without plant extract. Units of SOD were expressed as
Acetonitrile HPLC grade from Sd. Fine chemicals. amount of enzyme required for inhibiting the reduction of
Catechin, Caeffic acid, p-Coumaric acid and Quercetin of NBT by 50%. The specific activity was expressed in terms
HPLC grade from Sigma. of units per milligram of protein.

Flower Collection and Preparation of Extracts: Flowers of method described by Radha Krishnan and Sarma [10].
M. champaca were collected from the local markets of Briefly, 2.5 ml of 0.1M phosphate buffer, pH 7.5 and 2.5 m1
Visakhapatnam district, Andhra Pradesh during the of 0.9% Hydrogen peroxide (v/v) in the same buffer were
months of July-September and authenticated at taken and 0.5 ml of the plant extract was added and
Department of Botany, Andhra University. The collected incubated at room temperature for 3 min. The reaction was
flowers were cleaned, dried under shade at room then  arrested  by adding  0.5  ml  of  2N  Sulphuric  acid
temperature, then grounded and extracted. For fresh and  the  residual hydrogen peroxide was titrated with
extracts fresh flowers were extracted immediately with out 0.1N potassium permanganate solution. A blank was
drying procedure. carried out similarly with boiled enzyme extract. Units of

Aqueous Extracts: Aqueous extracts was prepared permanganate equivalents of hydrogen peroxide
according to modified method [7]. A 10g of flower sample decomposed per min. per mg of protein.
were soaked in distilled water, at the rate of 1:4 (fresh) and Assay of Peroxidase activity was carried out
1:20 (dry) w/v, after 1 day, the homogenized solution was according to the procedure of Malik C.P and Singh M.B
squeezed through a cheese cloth and the liquid was [11]. 3.5 ml of phosphate buffer, pH 6.5, was taken in a
filtered through whattman filter paper. This filtrate (1: 4 clean dry cuvette, 0.2ml of plant extract and 0.l ml of
w/v or 1:20 w/v) was designed as standard(s). The freshly prepared O-dianisidine solution was added. The
supernatants were recovered and used for analysis temperature of assay mixture was brought to 28-30°C and
immediately. then placed the cuvette in the spectrophotometer set at

Ethanol and Methanol Extracts: Extraction of fresh flower Read the initial absorbance and then, at every 30 sec
was prepared according to modified method [8].10 grams intervals up to 3min. A graph was plotted with the
of  flower  material  were  soaked  separately  in  100ml increase in absorbance against time. From the linear
(twice i.e., 2×100ml) of methanol and ethanol for 8-10 days phase, read the change in absorbance per min. The
at  room  temperature  in dark conditions, stirring every enzyme activity was expressed per unit time per mg of
18h using a sterile rod. The final extracts were filtered protein or tissue weight. Water blank was used in the
using a Whatman No 1 filter paper. Each filtrate was assay.
concentrated  to  dryness  under  reduced  pressure at Estimation of Non-Enzymatic antioxidants: Ascorbic
40°C using a rotary evaporator (Buchi rotavapour-114) acid was determined colorimetrically by Sadasivam and
and stored at 4°C for further use. Each extract was Manickam method [12]. The brominated samples (ml) and
resuspended in the respective solvent (methanol and standards (10-100 µg/ml) were taken and make up to 3ml
ethanol) to yield a 40 mg/ml stock solution. with distil water then add 3ml of DNPH reagent followed

Assay of Enzymatic Antioxidants: The assay of incubated at 37°C for 3h. After incubation, dissolve the
superoxide dismutase was carried by the method of orange-red osazone crystals formed by adding 7ml of 80%
Beauchamp and Fridovich [9] based on the reduction of sulfuric acid and measure the absorbance at 540nm.
Nitro-blue tetrazolium (NBT). To 0.5 ml of plant extract, Reduced glutathione was determined by the Boyne
1ml of sodium carbonate, 0.4ml of NBT and 0.2 ml of and Ellman method [13]. Briefly, 1.0 ml of the plant extract
EDTA were added. The reaction was initiated by adding was treated with 4.0 ml of precipitating solution
0.4ml of Hydroxylamine hydrochloride. Zero time containing 1.67g  of  glacial  metaphosphoric  acid, 0.2 g
absorbance was taken at 560nm using spectrophotometer of EDTA and 30 g of NaCl in 100ml water. After

after 5 min at 25°C. The control was simultaneously run

The Catalase activity was assayed by the titrimetric

enzyme activity were expressed as ml of 0.1 N potassium

430nm. Then, 0.2ml of 0.2M H O  was added and mixed.2 2

by 1-2 drops of thiourea, mix them thoroughly and
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centrifugation, 2.0ml of the protein free supernatant was Calculate the absorbance of the diluted sample (A) as
mixed with 0.2ml of 0.4M disodium hydrogen phosphate follows:
and  1.0ml  of  DTNB  reagent.  Absorbance was read at
412 nm within 2 min. GSH concentration was expressed as
n mol per mg protein.

The total phenolics were determined using the Folin
Cio-calteau reagent as reported by Javanmardi et al [14].
To 50  µl  of  the  plant  extract,  2.5ml  of  diluted  Folin
Cio-calteau reagent and 2.0 ml of 7.5% (w/v) sodium
carbonate was added and incubated at 45°C for 15 min.
The absorbance values of all samples were measured in a
spectrophotometer at 765nm. The results were expressed
as mg of Gallic acid equivalent per g weight.

Total flavonoids content was measured by aluminum
chloride colometric assay of Marinova method [15]. 1ml of
extracts  or  standard  solution of catechin was added to
10  ml  volumetric flask containing 4 ml of distilled water.
To above mixture, 0.3 ml of 5% NaNO  was added. After2

5 min, 0.3 ml of 10% AlCl was added. At 6  min, 2 ml of3
th

1M NaOH was added and the total volume was made up
to 10 ml with distill water. The solution was mixed well and
the absorbance was measured against prepared reagent
blank at 510nm.

The  tannins  were  determined  using  the Folin
Phenol reagent as reported by Folin and Ciocalteu [16].
Briefly,  0.1  ml  of the sample extract is added with 7.5 ml
of  distilled  water  and  add  0.5  ml  of  Folin  Phenol
reagent,  1  ml of 35% sodium carbonate solution and
dilute  to 10 ml with distilled water. The mixture was
shaken well, kept at room temperature for 30 min and
absorbance was measured at 725 nm. Blank was prepared
with water instead of the sample. A set of standard
solutions of tannic acid is treated in the same manner as
described earlier and read against a blank. The results of
tannins are expressed in terms of tannic acid in mg/g of
extract.

Total  monomeric  Anthocyanin  was  estimated  by
pH-differential method of Monica Giusti [17]. Turn on the
spectrophotometer. Allow the instrument to warm up at
least 30 min before taking measurements. Zero the
spectrophotometer with distilled water at all wave-lengths
that will be used ( vis-max and 700 nm). Prepare two
dilutions of the sample, one with potassium chloride
buffer, pH 1.0 and other with sodium acetate buffer, pH
4.5. Let these dilutions equilibrate for 15 min. Measure the
absorbance of each dilution at the  vis-max and at 700 nm
(to correct for haze), against a blank cell filled with
distilled water.

A = (A  vis-max – A700) pH 1.0 – (A  vis-max – A700) pH 4.5

Monomeric anthocyanin pigment (mg/liter) = (A × MW ×
DF × 1000)/ (  × 1).

Where MW is the molecular weight of Cyanidin-3-
glucoside is 449.2, DF is the dilution factor (for example,
if a 0.2 ml sample is diluted to 3 ml, DF = 15) and  is the
molar absorptive is 26,900.

Antioxidant Ability Assays: The antioxidant activity of
the extracts was evaluated by the phosphomolybdenum
method according to the procedure of Prieto et al. [18].
Briefly, 0.3 ml of plant extract was combined with 3 ml of
reagent solution (0.6 M sulfuric acid, 28mM sodium
phosphate and 4mM ammonium molybdate). The tubes
containing  reaction solution were incubated at 95°C for
90 min. then the absorbance of the solution was measured
at 695nm using spectrometer against blank after cooling
to room temperature. Ascorbic acid was used as reference
standard. The antioxidant activity is expressed as the
number of equivalents of ascorbic acid (AscAE).

The ability of the extracts to reduce iron (III) was
assessed by the method of Oyaizu [19]. One ml of plant
extract  was  mixed  with  2.5  ml  of  0.2  M  phosphate
buffer, pH 6.6 and 2.5 ml of 1% aqueous potassium
hexacyanoferrate [K Fe(CN )] solution. After 30 minutes3 6

of incubation at 50°C, 2.5 ml of 10% trichloroacetic acid
was added and the mixture was centrifuged for 10 minutes.
Fin-ally, 2.5 ml of the upper layer was mixed with 2.5 ml of
water and 0.5 ml of 0.1% aqueous FeCl  and the3

absorbance was recorded at 700 nm. The mean
absorbance values were plotted against concentration
and a linear regression analysis was carried out. The
results were expressed as Ascorbic acid equivalents
(AscAE) in milligrams of ascorbic acid per gm of extract.
Butylated hydroxy Toluene (BHT) and Ascorbic acid were
used as positive controls. 

The ability of extracts to reduce hydrogen peroxide
was assessed by the method of Ilhami [20]. A solution of
hydrogen peroxide (40mM) was prepared in phosphate
buffer (pH 7.4). 1.0 ml of sample was added to a 0.6 ml of
hydrogen peroxide solution (40mM). Absorbance of
hydrogen peroxide at 230nm was determined after 10 min.
against a blank solution containing phosphate buffer
solution with out hydrogen peroxide. BHT and ascorbic
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acid were used as positive controls. The percentage C. guianensis fresh were prepared by maceration in water,
scavenging of hydrogen peroxide of samples was ethanol and methanol. The plant: solvent ratio of 1:20 was
calculated using the following formula: employed for all extracts. All extracts were filtered through

% scavenged [H O ] = [(A -A )/A ] × 100 50°C; the concentrated extracts were made up to 500ml2 2 0 I 0

Where A  was the absorbance of the control and A a 0.45 µm membrane filter. Evaluation of each sample was0 I

was the absorbance of the sample. repeated three times.
The lipid Peroxidation was induced by FeSO4-

ascorbate system in sheep liver homogenate by the Separation of Phenolic Compounds by HPLC: Separation
method of Bishayee and Balasubramaniyam [21]. The of the plant phenolic compounds in all samples was
reaction mixture consisting of 0.1ml each of 25%(w/v) performed with help of isocratic Varian system, equipped
sheep liver homogenate in 40 mM Tris-HCl buffer, p 7.0, with  Sperisorb  column  5mm  (C 8,  Hypersil  MOS, 5µm,H

30mM KCl, 0.16mM ferrous iron (FeSO ), plant extract and 200 × 2,1 mm, Hewlett Packard) 4.6 x 250mm and a detector4

positive controls and 0.06 mM ascorbic acid. Appropriate namely Photo Diode Array (PDA) type. The detection
controls for each of the plant extracts and positive wavelength applied was in the range of 200-600nm. The
controls were maintained. The reaction mixture was then mobile phase consisted of Acetonitrile: Water (70:30, v/v)
incubated at 37°C for 1h. After incubation, 0.4 ml of the with 1% of formic acid (v/v). The amount of the sample
above reaction mixture was taken and treated with 0.2 ml injected into the column is 10µl and the flow rate of the
of sodium dodecyl sulfate, 1.5 ml of TBA and 1.5 ml 20% sample was adjusted 1mL/min. All separations were
acetic acid solution, then adjusted to P  3.5. The total performed at the temperature of 25°C. Identification of theH

volume was then made up to 4.0 ml by adding distilled phenolic compounds was carried out by comparing their
water and the reaction mixture was kept in a water bath at retention times with known standards (caffeic acid, p-
95°C for 1 h. To the pre cooled reaction mixture, 1 ml of coumaric acid, catechin and quercetin). 
distilled water and 5 ml of n-butanol and pyridine (15:1
ratio v/v) was added and was shaken vigorously. After RESULTS
centrifugation at 4000 rpm for 10 min, the organic layer
was taken and its absorbance at 532 nm was measured. Enzymes of Peroxide Metabolism: The inevitable
Inhibition of lipid peroxidation was determined by the OD generation of ROS in biological system and the oxidative
of the extract with that of the control. The percentage of damage is counterpoised by an array if enzymatic defense
inhibition of lipid peroxidation was determined by system. The levels of enzymatic antioxidants assessed in
comparing the results of the plant extract with those of M. champaca flowers in different extracts are collectively
controls. represented in Table 1. The highest activity of antioxidant

% of inhibition (I) = (Absorbance of control enzymes were observed in fresh flower extracts than dry
–Absorbance of test / Absorbance of control) x100. flower extracts. The activity of superoxide dismutase,

Qualitative Analysis of HPLC methanol and ethanol extracts. Superoxide scavenging
Preparation of Standards: Phenol standards including effect of alcoholic extracts was reported earlier in
Catechin, Quercetin, Caeffic acid and p Coumaric acid mangrove plants [23].
were dissolved in mobile phase as 1mg/ml concentrations. Determination of total phenols, flavonoid,
The solutions were filtered through a 0.45 µm membrane anthocyanin and tannin content: Polyphenol compounds
filter and stored in darkness. Standards are prepared are essential for the antioxidation process and for bio-
freshly and immediately injected to HPLC column. activities in plants [24, 25]. The total polyphenol,
Evaluation of each standard was repeated three times. flavonoid, anthocyanin and tannin content of the M.

Extraction of the Sample: All above mentioned flower The total polyphenol content is expressed as mg of gallic
extracts was prepared according to modified method [22]. acid equivalent per mg of dry/fresh weight. The total
The  extractive  solutions  of  fresh  and  dry   flowers  of phenol  content  of  the M. champaca flowers was rang-ed

filter paper and concentrated with Rotary evaporator at

with the mobile phase. The solutions were filtered through

catalase and peroxidase is high in aqueous extracts than

champaca dry and fresh flowers are shown in Table 2.
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Table 1: Enzymatic antioxidant levels of Michela champaca (MC) flowers [Values represent average of three determinations and expressed as mean ± S.D]

Flowers Extracts Catalase U/mg Peroxidase U/mg SOD U/mg

MC Dry (D) Aqueous (A) 1.45±0.001 0.488±0.05 2.01±0.01

Methanol (M) 0.114±0.06 0.027±0.01 0.338±0.05

Ethanol (E) 0.106±0.01 0.114±0.08 0.761±0.08

Fresh (F) Aqueous (A) 4.39±0.2 1.48±0.05 4.64±0.05

Methanol (M) 1.12±0.2 0.156±0.03 2.86±0.07

Ethanol (E) 1.42±0.72 0.312±0.2 2.36±0.08

Table 2: Non-Enzymatic antioxidant levels of Michela champaca (MC) flowers [Values represent average of three determinations and expressed as mean ± S.D]

Phenols Flavonoids Tannins Anthocyanins GSH Vit-C

Flowers Extracts (mg GAE) (% Catechin) (mg TAE) (mg cyn3glu) (n mol/mg ptn) (mg AscAE)

MC Dry (D) Aqueous (A) 4.75±1.06 0.29±0.042 6.5±0.01 0.031±0.01 99.99±13.13 26.25±0.01

Methanol (M) 10±0.7 1.343±0.044 18.75±1 0.15±0.07 94.28±0.001 31.25±0.07

Ethanol (E) 7.75±0.7 0.537±0.0176 16.125±1.23 0.14±0.15 145.33±5.65 28±2.82

Fresh (F) Aqueous (A) 0.75±0.001 0.05±0.0176 1±0.01 0.031±0.018 65.885±13.3 2.6±0.287

Methanol (M) 2.85±0.001 0.181±0.44 6.93±0.88 0.04±0.01 36.01±1.04 20.62±0.88

Ethanol (E) 1.125±0.17 0.056±0.05 2±0.35 0.039±0.002 124.33±12.72 7.5±3.53

from 10±0.7 to 0.75±0.001 mg GAE/gm and decreased in Estimation   of   GSH   and   Vitamin  C content:
the following order: MCDM >MCDE>MCDA > MCFM >
MCFE > MCFA. The methanol extracts of the M.
champaca  dry   flowers   had   higher   polyphenol
content   than   the   ethanol   and   aqueous  extracts.
Similar  results  were   reported   earlier   in   day  lily
flowers  [26].The  total  flavonoid content was expressed
as % of catechin equivalent per gm. The total flavonoid
content  of  the  extracts  of  M.    champaca   dry  and
fresh flowers ranged from 1.343 ± 0.044 to 0.05±0.0176 %
catechin Eq/gm and decreased in following order
MCDM>MCDE>MCD>MCFM>MCFE>MCFA. The
methanol extracts of the M. champaca dry flowers had
higher flavonoid content than other extracts.

The total monometric anthocyanin content was
expressed as cyanidin-3-glucoside equivalent per gm. The
monomeric anthocyanin content of the extracts of M.
champaca dry and fresh flowers ranged from 0.15±0.07 to
0.031±0.01 mg cyanidin-3-glucosideeq/gm. There is no
significant difference is observed between the extracts of
M. champaca flowers. The total tannin content was
expressed as tannic acid equivalent per gm. The total
tannin content of the extracts of M. champaca dry and
fresh flowers ranged from 18.75±1 to 2±0.35 mg TAE/gm
and decreased in the following order: MCDM > MCDE >
MCDA > MCFM > MCFE > MCFA. The methanol
extracts of the M. champaca dry flowers had higher
tannin content than the ethanol and aqueous extracts.
Similar results were reported in roots of Areca Catechu L.
plant [27].

Glutathione peroxidase acts as a radical scavenger,
membrane   stabilizer   [28]   and   precursor   of  heavy
metal  binding  peptides   [29].   The   content   of   GSH
and   Vit-C   of   the  M.   champaca   dry   and   fresh
flowers were shown in Table 2. GSH was found to be
maximum  in  ethanol  extracts  of  dry  flowers  ranging
from  145.33±5.65  to  36.01±1.04   n   moles/mg  protein
and  decreased  in following order MCDE > MCFE
>MCDA >MCDM  >  MCFA  >  MCFM  and  was
observed that fresh flowers had higher reduced
glutathione content than dry flowers except ethanol
extracts. Vit-C content was expressed as ascorbic acid
equivalents per gm. The total Vit C content of the extracts
of M. champaca dry and fresh flowers ranged from
31.25±0.07 to 2.6±0.287 mg Asc AE/gm and decreased in
following order MCDM > MCDE > MCDA > MCFM >
MCFE > MCFA. The methanol extracts of the M.
champaca dry flowers had higher Vit C content than other
extracts.

In above  all  observations   the   dry  flower
extracts  yields   more   content   than   fresh  flowers.
Fresh plant extracts may contain lower amounts of
bioactive  principles  due  to  a   water   content of
typically  75  to  95%,  resulting  in  a  marked  dilution
effect  [30].  Recent  empirical  research  on  greater
celandine extracts indicated that fresh plant tinctures
contain  less  total  alkaloid  content  than  dried
counterparts [31].
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Table 3: Antioxidant capacity of Michela champaca (MC) flowers [Each value is an average of triplicates±S.D]
 % of Inhibition
-------------------------------------------------------------------- Fe -Fe  AscAE2+ 3+

Flowers Extracts  TAA H O Scavenging activity Lipid peroxidation AscAE2 2

MC Dry (D) Aqueous (A) 32.665±0.94 50.6 85.71±5.01 19.06±7.4
Methanol (M) 104.99±4.71 59.924 66.66±5.89 29.06±0.4
Ethanol (E) 82.083±2.9 57.13 79.16±5.89 11.62±1.2

Fresh (F) Aqueous (A) 13.4±0.04 49.85 74.99±5.05 16.12±1.5
Methanol (M) 22.5±3.53 59.73 50±6.71 20.75±1.06
Ethanol (E) 19.165±1.18 55.54 75±4.62 7.125±0.7

Positive controls Asc.A(100µg/ml) 92.94 96.42
BHT (100µg/ml) 69.409 95.83

Total Antioxidant Capacity: The total antioxidant capacity for cells to control the amount of hydrogen peroxide that
of the M. champaca flowers is given in Table 3. The is allowed to accumulate. The scavenging activity of the
results of total antioxidant capacity are expressed as different extract fractions from dry and fresh flowers is
equivalents of ascorbic acid. The phosphormolybdenum shown in Table 3. Ascorbic acid and BHT were used as
method is an important antioxidant assay based on the positive controls. M. champaca flowers scavenged H O

and this may be attributed to the presence of phenols,
und and the formation of green phosphate/Mo (V) which  could  donate  electrons  there by neutralizing it
complex with a maximal absorption at 695nm and into  water.  It  was  observed  that  methanol  extracts  of
antioxidant capacity of flowers is expressed as the number M. champaca flowers exhibit slight high inhibition than
of equivalent of ascorbic acid. The MCDM showed high ethanol and aqueous extracts ranged from 59.924 to
antioxidant capacity followed by MCDE, MCDA, MCFM, 49.85% inhibition and also seen that fresh and dry flowers
MCFE and MCFA this is due to presence of high content do not show much significant difference in inhibition of
phenols in methanol extracts, as polyphenols plays an H O . All tested flower extracts can inhibit H O  but lesser
import-ant role as antioxidants in living systems due to when compared to reference standards ascorbic acid and
the presence of hydroxyl groups in ortho- and para- BHT. Similar results were reported in Carissa carandas
positions [32, 33]. and Pergularia daemia root extracts [37]. 

Iron(III) to Iron(II) Reducing Activity: The reducing Lipid Peroxidation Assay: It is known that oxidation of
ability of a compound generally depends on the presence poly unsaturated fatty acids in biological membranes
of reductants [34], which have been exhibited often lead to the formation and propagation of lipid
antioxidative potential by breaking the free radical chain, radicals, uptake of oxygen, rearrangement of the double
donating a hydrogen atom [35]. The presence of bonds in unsaturated lipids and even destruction of
deductants in M. champaca flowers causes the reduction membrane  lipids. Many of these biochemical activities
of the Fe / ferricynide complex to the ferrous form. can  lead  to the production of breakdown products that3+

Therefore, the Fe  can be monitored by measuring the are highly toxic to most mammalian cell types. Effects on2+

formation fof Perl’s Purssian blue at 700nm. Table 3 shows the inhibition of lipid peroxidation by methanol, ethanol
the reductive capabilities of the flower extract compared and aqueous extracts of M. champaca flowers were tested
to ascorbic acid. The reducing power of meth-anol extract by using liver cell homogenates as a lipid source. A
of M. champaca dry flowers was very potent compared to drastic increase in the capability of inhibiting lipid
other extracts. Reducing power of M. champaca flowers peroxidation was detected in ethanol and aqueous
ranging from 29.06±0.4 to 7.125±0.7 mg Asc AE/gm and extracts compared to methanol extracts this might be due
decreased in following order MCDM > MCDA > MCDE to high presence of glutathione in ethanol extracts of
> MCFM > MCFA > MCFE. tested flower as indicated earlier, glutathione and

H O  Scavenging Activity: Hydrogen peroxide is a weak lipid peroxidation in biological  medium  [28]. Lipid2 2

oxidizing agent and can inactivate a few enzymes directly, peroxidation inhibition by M. champaca flowers was
usually by oxidation of essential thiol (-SH) groups. It can ranged from 85.71±5.01% to 50±6.71% and inhibition of
cross cell membranes rapidly and inside the cell, H O lipid peroxidation was less in fresh flowers compared to2 2

probably reacts with Fe2+ and possibly Cu2+ ions to form dry flowers. All tested species can inhibit lipid
hydroxyl radical which may be the origin of many of its peroxidation, but lesser when compared to reference
toxic effects [36]. It is therefore biologically advantageous standards ascorbic acid and BHT.

2 2

reduction of Mo (VI) to Mo (V) by the antioxidant compo-

2 2 2 2,

glutathione peroxidase play an important role in inhibiting
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             M. champaca dry flowers M. champaca fresh flowers

Fig. 1: HPLC profiles in dry and fresh flowers of M. champaca analyzed: aqueous (A), methanol (M), ethanol 
(E). Peaks: 1-catechin, 2-quercetin, 3-caffeic acid, 4-p-coumaric acid
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HPLC Analysis: Qualitative analysis of M. champaca dry flowers have been reported to exhibit high antioxidant
and fresh flowers with three extracts were carried out activities with high total phenolic content. Phenolic
using reverse phase HPLC and the chromatographic compounds such as flavonoids, phenolic acid and tannins
profiles were compared with the retention times of possess diverse biological properties such as
reference standards. From the chromatographic profiles it antiinflammatory, anticarcinogenic and antiatherosclerotic
was also observed that catechin and p-coumaric acid was activities. These biological properties might be to due
present in methanol extracts and quercetin and p-coumaric their antioxidant activities [47]. The use of polar and
acid in ethanol extracts and p-coumaric acid and caffeic nonpolar solvents in adequate ratio also gives a great
acid in aqueous extracts of M. champaca dry flowers. In opportunity for pharmacological modification and
M. champaca fresh flowers, HPLC chromatogram showed standardization of the preparations originated from
the presence of quercetin and p-coumaric acid were Michelia champaca flowers. It was observed that
present in ethanol and methanol extracts and in aqueous unknown phenols were also identified in HPLC
extracts HPLC chromatograms showed the presence of chromatograms leads to future investigation of these
catechin, caffeic acid and p-coumaric acid. The selection phenols.
of these standards is due to their medicinal properties In conclusion, present study indicated that these
stated in literature; Catechin mainly reduces tested flower species are the potent source of novel
atherosclerotic plaques [38]. Quercetin acts as bioactive compounds with wide range of medicinal
antiangiogenesis [39]. Caffeic acid suppresses acute properties in particular the high free radical scavenging
immune and inflammatory response [40]. Coumaric acid activity. Total amount of phenolic compounds were
has antioxidant properties and is believed to reduce the maximum in methanol extracts than ethanol and aqueous
risk of stomach cancer [41]. extracts. The main compounds in all analyzed flowers were

DISCUSSION previous literature, illustrated that these compounds are

The relation between diseases and free radicals has high antioxidant than p-coumaric acid due to the
been proved by many studies. UV light, radiation, dihydroxylation of 3, 4,-position on the phenolic ring of
smoking, alcohol consumption, stress and high caffeic acid [48]. Due to presence of these compounds, M.
cholesterol consumption can increase the process of cell champaca flowers show the wide range of medicinal
oxidation [42]. This study aimed to establish a platform for properties like antimitogenic, anticarcinogenic,
in vitro evaluation of antioxidant capacity of herbal antiinflammatory, antiulcerative, antihepatotoxic and
plants. From the results, it was observed that methanol antiangiogenesis, particularly high free radical scavenging
extracts contains more phenolic compounds than ethanol activity.
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