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Abstract: Terminalia arjuna is one of the many such plant that used in indigenous system of medicine for curing
different diseases. For effective formulation of herbal drug selection of proper age of the plant is imperative. In the
present study, the T. arjuna plant (leaves) was collected from the Botanical garden of Saurashtra University. The
leaves were grouped in to various size and growth analysis was performed. Each extract homogenized in methanol
and was used for chlorophyll estimation and antioxidant activities. Radical scavenging activity of the methanol ex-
tract of different stages leaves were determined using a stable free radical 2, 2-diphenyl-1-picryl hydrazyl (DPPH),
using Micro plate assay. Further the phenolic compounds were separated by Reverse phase high pressure liquid
chromatography analysis (RP-HPLC). At the leaf stage when maximum antioxidant activity was observed, phenol
like Gallic acid showed distinct peak. The role of phenolic compounds in antioxidant activities is discussed.

Keywords : Antioxidant activity, Chlorophyll content, Growth, Terminalia arjuna

INTRODUCTION medicine for different ailments (Warriet al., 1996).
It has been considered by the modern practiticags
cardiactonic (Dwivedi, 2007). Clinical evaluatiorf o
his botanical medicine indicates that it is betiafiin
he treatment of coronary artery disease, hedrtréai
and possibly antibacterial, antioxidant, antimutage
and hepatoprotective activities (Kaatral., 2002; Sub-

Natural products, especially plants, have been fmed
the treatment of various diseases for dates alaiek
as 60,000 years ago in both developed an
undeveloped countries (Solecki, 1978aur et al.,
2011). Over the centuries, the use of medicinahtpla

has become an important part of daily life desfiite asini et al., 2007). Leaves also serve as a remedy for

rpé(s)g;iﬁ 'glarr?tgdﬁg:/emaeg:ﬁal tgng n?ﬁ:éggczm\';izﬁhe treatment of ear ache (Khory, 1867). Medicinal
) e : Y y plants containing active chemical constituents with
variety of biologically functional compounds, e.g.

primary and secondary metabolites. Many of thesehigh antioxidants property play an important roldfie
. ' prevention of various degenerative diseases (Lukinan
phytochemicals (12,000 such compounds) have

beneficial effects on long-term health when considime e al., 2008).T. arjuna leaves are an important source
9 ) of antioxidants (Bhalodi, 2004). There seems tmbe
by humans, and can be used to effectively treatamum

: X report on the relationship with the age/size of ltadf
diseases (Tapsek al_., 2006). H_owe_ver, the _effect|ve- and antioxidant potential.Considering to this ire-pr
ness of the aurvedic formulation is questioned man

Y, O .
times or it has reported slow responses. Applioatio sents study, the chlorophyll content, antioxidastep

i . tial was estimated with growth @t arjuna leaves. An
of these compounds for pharmaceutical preparatlon%lttempt has also been made to standardize thagdeaf

require a proper selection of plant r_naterlals. Theof T. arjuna along with the separation of phenolic
desired compound may not have required concentra-

tion throughout the growth and development time Ofcompounds.

the plant part use. Most of the phytochemical stsdi MATERIALSAND METHODS
concentrated on leaves and the constituents var)é
depending upon the geographical distribution (Chong
and Aziz, 2011). Therefore, it is imperative toesti-
gate the appropriate age of the plant for bettel an
effective drug formulation.

Terminalia arjuna belongs to family Apiaceae
(Umbelliferae) and is used as a natural source o
medicine for long time. Many compounds are isolated
from the different parts like bark, leaves and t&of
arjuna have been used in indigenous system o
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ollection of plant material: Terminalia arjuna
leaves where collected from the Botanical Garden of
Saurashtra University campus, Rajkot, Gujarat.dsw
separated in 12 groups as per their smaller tcefarg
size. The smaller leaf was about 20 frand the lar-
ger one was 3000 nfmEach leaf was sized and
weight individually and grouped showed nearly samil
data (+ 0.1 % to 0.43 %), are clubbed and numbered
{rom 1- 12 according to their increasing size.
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Identification and confirmation of the sample: The class LC solution software and the results were
plant was authenticated by Prof. Vrinda Thaker, obtained by comparison with the standard.
Department of Biosciences, Saurashtra University an Statistical analysis: Experimental data was analyzed
Voucher specimen (CPBGE -110) is deposited in theusing analysis of variance (ANOVA) and significant
herbarium of same Department. difference among means from triplicate analyses at
PreparatiopT2l of leaves ?ﬁ(tract: Each group of leaves (P<0.05) were determined.

from 20 mnt to 3000mm (Figure) was collected from

the garden. Each leaf was washed under running taBESULTSAND DISCUSSION

water several times and rinses with distilled walie  The study conducted for growth, chlorophyll consent
was dried over blotting paper and 500 mg sample wagind antioxidant activities were selected from the
homogenized with a mortar and pestle containing®f  categories of the leaf collections frorf to last 12

ml of 80% methanol. The samples were centrifuged aktages and relationship with these parameters was
10,000 g for 10 min and supernatant was collectedworked out. Growth parameters by way of the physica
The pellet was washed with 80% methanol till it was parameters of fresh and dry weight, water contedt a
free from the chlorophyll pigments. The supern&ant |eaf area measurements are shown in Figs. 1 A and 2
were pooled and used for the estimation of chloydph Fresh weight in first stage was recorded to be2 g1

and antioxidant activity. In our preliminary assaf¢h  and then increased with different leaf up to 5.56aj
100-1500 mg sample size, 500 mg was adequate.  mature stage. Maximum fresh weight was observed in
Growth analysis: Growth was measured in the terms 12" stage and minimum was recorded in tiestage

of fresh weight, dry weight, water content and leaf (Fig.1A). Similarly, dry weight in the first stageas
area. For the measurement of fresh and dry weightsiecorded to be 0.01 gm which increased with difiere
freshly harvested smaller to larger sized of leavere leaf up to 2.31 gm the in last stage. Maximum dry
taken. Freshly separated leaves were weighed beforgeight was observed in the 8tage and minimum in
and after oven drying to a constant weight at 630iC  the T stage (Fig. 1B). Water content in first stage was
48 hours to obtain the data on fresh and dry weight 0.01 gm and then increased with different leaf ap t
Water content of each stage was determined by3.25 gm in last stage. Maximum water content was
difference in fresh and dry weight. For each dataty  observed in the 12stage and minimum in*1stage
three replicates were taken and mean value of dryFig. 1C).

weight and water content was calculated. The statistical analysis of these parameters shomaid
Leaf area and chlorophyll measurements: Leaf area  fresh weight and dry weight of the leaves showed
was measured by Leaf area meter software Muchhadigighly significance (P < 0.05). Since the fresh gii
and Thaker (2006). Chlorophyll content was and dry weights showed close correlation, the water
determined according to Arnon (1948jng Spectro-  content also showed significant relationship (P&L}.
photometer. Data for chlorophyll a and b were A number of the studies have shown that water cante
recorded at 645 and 663 nm respectively. plays an important role in increase in the sizeaifon
DPPH free radical scavenging assay: Radical fiber (Gokani and Thaker, 2001), cotton seed (R@bad
scavenging assay was determined according tat al., 1999) and internodes development (Patel and
Velazquezet al. (2003) using DPPH (1,1-diphenyl-2- Thaker, 2007).

picryl hydrezyl) free radical scavenging assay andleaf area in the first stage 20 rhand then gradually
color change from purple to yellow, which was increased with different leaf up to 3000 Amm
measured on Microplate reader (1 Quant, Bio TeakMaximum leaf area was recorded in thd'E2age and
USA). minimum in the ¥ stage (Fig. 2). It was observed that
Reverse phase high pressure liquid chromatogra- the area count by the software was accurate asd les
phy analysis (RP-HPLC): Reverse phase chromatog- time consuming in contrast to conventional methods.
raphy analyses were carried out under gradienfeaf area showed more relation with fresh weight,
condition using a Luna C-18 column (4.6 x 250 mm) followed by dry weight and water content,
packed with 5um diameter particles. The mobile phas respectively. Chlorophyll a content was gradually
was solvent A (0.2% #PO,in milli Q) and solvent B increased with the different size of the leaf.
(0.2% HPO,in methanol). Chlorophyll content in first stage was 0.0036 mgl an

The gradient program was started with 90% A and then increased up to 2.5 mg in last stage. Maximum
10% B; 0-1 min, 25% A and 75% B; 1-65 min, 0% A chlorophyll was observed in the M2stage and

and 100% B; 66-95 min. 100% A and 0% B; 96-100 minimum in the i stage (Fig. 3D). Chlorophyll-b
min., 90% A and 100% B; 100-120 min. respectively. content was also increased in first stage 0.01 21

The flow rate was 1ml/min. and the injection volume 8 mg. Maximum chlorophyll was observed in thd'12
was 20 pl. The temperature of column was controlledstage and minimum in the®stage of leaf (Fig. 1E).

at 28 °C. The detection wavelength of (Photodiode Total chlorophyll content was in initial stage 0680
Array Detector) PDA was set at 290 nm. Prior tohreac mg and in last stage of leaf 3.6mg. Maximum total

run, the HPLC-PDA system was allowed to warm and chlorophyll content was in the 12tage of leaf and
the baseline was monitored until it was stable f&efo  minimum in the T stage of leaf (Fig.1F). Chlorophyll
sample analysis. Data were obtained by Shimadzucontents showed closed relationship with leaf §Pes
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Fig. 1. Changes in (A) Fresh weight (B) Dry weight (C) Water content (D) Chlorophyll a (E) Chlorophyll b (F) Total
Chlorophyll content in leaf of T. arjuna against size group.

0.01), followed by dry weight (P < 0.01) and water <0.05). In fact, the ratio of unit leaf area arugb t
content (P < 0.01). antioxidant activities remained higher at the st8g
Radical scavenging activity was measured in pgand 4. Since the maximum activity was recordedhat t
equivalent to ascorbic acid per mg of fresh weighie 12" stage, the data were further analyzed for the HPLC
remarkable activity was observed at tiiestage 1.21  separation of phenols.

1g up to the % stage and then declined, again slowly In the RP-HPLC analysis, the Gallic acid was detct
increased up to last stage of leaf. Maximum freeto be 1.4 min which matched the retention time of
radical scavenging activity was observed in th& 12 standard library of the instrument used (Fig. 4)ede
stage and minimum in thé'stage of leaf (Fig. 3). The results suggest that the Gallic acid may haveirotke
maximum significant relationship of antioxidant antioxidant potential of the leaf in Arjuna. In nber
activities and chlorophyll contents leaf area wasof the studies, it is reported that the antioxidanuper-
observed (P <0.01) with total chlorophyll, chlorgpph  ties of herbal material are of a great value fog th
a and chlorophyll b. It was followed by leaf aréa< pharmaceutical properties. It is used in antiattiers
0.02), fresh and dry weights, and water content (Protic activity (Ramet al., 1997), antibacterial activity
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Fig. 2. Leaf area measurement of T. arjuna against size Fig. 3. Changes in Antioxidant activity of T. arjuna against
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Fig. 4. RP- HPLC analysis of Terminalia arjuna extract.
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