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Abstract

different parts of Tinospora cordifolia was undertaken.

Plants are the sources of many bioactive compounds containing many primary metabolites like, carbohydrates
(starch, sugar), proteins, phenols, ascorbic acid etc. are useful for flavoring, fragrances, insecticides, sweeteners
and natural dyes (Kaufman). During the present research work, root, stem, leaf and calli of the plant were evaluated
quantitatively for the analysis of chlorophyll, sugars, starch, protein, ascorbic acid and phenols. Keeping in view the
importance of these primary metabolites the present studies for biochemical evaluation of primary metabolites from
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Introduction

Medicinal plants form the backbone of Traditional System of
medicine in India. Pharmacological studies have acknowledged the
value of medicinal plants as potential source of bioactive compounds
[1]. Phytochemicals from medicinal plants serve as lead compounds
in drug discovery and design. Medicinal plants are rich source of
novel drugs that forms the ingredients in Traditional System of
medicine, modern medicines, nutraceuticals, food supplements, folk
medicines, pharmaceutical intermediates, bioactive principles and
lead compounds in synthetic drugs. This emerging field is oriented
towards the characterisation of small metabolites that act as substrates,
products, ligands and signalling entities in cells. Biological systems
are under constant challenges from the environment. Adaptation to
environmental stimuli is reflected in alterations in the genome, the
transcription of genes, the expression level and post-translational
modifications of proteins and in the primary and secondary
metabolism. Deciphering of the plant metabolome is one of the most
difficult analytical tasks in functional genomic research. The term
metabolomics stands out from any other organic compound analysis
in scale and in chemical diversity, i.e., all metabolites are aimed to be
described, both primary and secondary metabolites, present in an
organism or biological system. Primary metabolic routes produce
primary metabolites, which are present almost everywhere in nature
and are essential for all life forms. These compounds include the
common carbohydrates, fats, proteins and nucleic acids that are
needed to create and maintain life. Apart from fats, the compounds
are polymeric and usually chemically large molecules. Typically they
are involved in the energy regulation of organisms and with growth
and development of tissues; in short, they are the building blocks of
organisms. Through the ages, human have relied on nature for their
basic needs. Medicinal plants are the most exclusive source of life
saving drugs for the majority of the world’s population [2]. Primary
metabolite analysis is necessary for knowing the nutritional potential
of plants and then also from the precursors for the synthesis of
secondary metabolites [3,4]. Primary plant metabolites are simple
molecules or polymers of simple molecules synthesized by plants,
generally do not possess therapeutic as such but essential for the life
of plants and contain high-energy bonds. These are used up for the
biosynthesis of secondary metabolites [5].

Keeping in view the importance of these primary metabolites,
during the studies various potent primary metabolites viz., chlorophyll,
carbohydrates (sugar, starch), total protein, ascorbic acid and total
phenol have been investigated from in vivo root, stem, leaf and in vitro
callus in Tinospora cordifolia.

Cholorophyll

The Chlorophyll is one of the essential components for
photosynthesis in plants. They occur in chloroplast as green pigments
in all the photosynthetic tissues. Chemically, each chlorophyll
molecule contains a porphyrin nucleus with a chelated magnesium
atom at the centre and a long chain hydrocarbon attached through a
carboxylic group. The different types of chlorophyll like chlorophyll
a, b and carotenoids are present in a whole pigment extract of green
plant tissues (Figure 1).

Principle: Chlorophyll is extracted and the absorption at 663 nm
and 645 nm are read using spectrophotometer. Using the absorption
coefficient the amount of chlorophyll is calculated by Arnon’s method,
1949, using the formula:

(12.3x0.D. at 663— 0.86x0.D. at 645)xV
1000 x W

Chlorophyll a =

(19.3x0.D. at 645— 3.6x0.D. at 663)xV
1000 x W

Chlorophyll b =

Total chlorophyll=a+b

Where,

V=Final volume of chlorophyll extract in 80% acetone
W=Fresh weight of tissue extracted

Material: Dilute analytical grade acetone to 80% prechilled
acetone.

Method

Extraction: 1 gm of plant material was crushed in chilled 80%
acetone and extracted thrice by centrifugation at 5000 rpm for 5
minutes. All the supernatants were pooled and the volume of the
extract was made up to 4 ml.

Estimation: Absorbance of this solution was read at 645 and
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Figure 1: Synthesis of Chlorophyll in plants.

663 nm against 80% acetone used as blank. Results presented were
average of three replicates.

Results: Different amount of chlorophyll a content was observed
in various plant parts used in the plant, which are summarized in the
following manner (Graph 1).

Different amount of chlorophyll b content was observed
in various plant parts used in Tinospora cordifolia, which are
summarized in the following manner (Graph 2).

Carbohydrates

Carbohydrates are widely prevalent in the plant kingdom,
comprising the mono-, di-, oligo-, and polysaccharides. The
common monosaccharides are glucose, fructose, galactose, ribose
etc. The disaccharides i.e., the combination of two monosaccharides
include sucrose, lactose and maltose etc. Starch and cellulose are
polysaccharides consisting of many monosaccharide residues.
Cellulose is the most abundant organic compound on this planet,
since it forms the part of the cell wall in plants.

Some carbohydrates are digestible by humans and therefore
provide an important source of energy, whereas others are indigestible
and therefore do not provide energy. Indigestible carbohydrates form
part of a group of substances known as dietary fiber, which also
includes lignin. Consumption of significant quantities of dietary fiber
has been shown to be beneficial for human nutrition, help to reduce
the risk of certain types of cancer, coronary heart disease, diabetes
and constipation. Being an important source of energy and dietary
fiber, carbohydrates also contribute to the sweetness, appearance and
texture characteristics of many foods. Plants take about one quarter of
the carbon dioxide found in the atmosphere and convert it into simple
sugars (carbohydrates) through photosynthesis. It is important to
determine the type and quantity of carbohydrates in foods for health
purpose (Figure 2).

Principles: Carbohydrates are estimated by Anthrone’s method
[6]. They are hydrolysed in to simple sugars by dilution in acidic
medium. Glucoses dehydrated to hydroxyl methyl furfural. This

compound with anthrone forms a green coloured product with
absorption maximum at 630 nm.

Materials and methods
Materials

1. Anthrone reagent: Dissolve 200 mg anthrone in 100 ml ice cold
95% H,SO, (freshly prepared).

2. 80% ethanol
3. 2,3N-HC
4.  Standard glucose

Stock solution: 10 gm glucose was dissolved in 10 ml of distilled
water.

Working Standard
Dilution Series were made from 0.05 to 0.1 mg/1
1.0.1 mg/ml=1.0 ml of stock standard

2.0.075 mg/ml=0.75 ml of stock standard+0.25 ml of distilled
water

3.0.05 mg/ml=0.5 ml of stock standard+0.5 ml of distilled water

4.0.025 mg/ml=0.25 ml of stock standard+0.75 ml of distilled
water

5.0.05 mg/ml=0.05 ml of stock standard+0.95 ml of distilled water

Procedure

Graph 1: Chlorophyll a content in different parts of Tinospora cordifolia.

Graph 2: Chlorophyll b content in different parts of Tinospora cordifolia.
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Figure 2: Carbohydrate synthesis in plants.
Method of extraction
Plant Sample (1 mg)
1
Macerated in 80% ethanol (10 ml)
!
Centrifuged at 3000 rpm for 10-15 min
I

Supernatant was saved
Estimation
1. Take 1.0 ml of aliquot and add 2.0 ml of anthrone reagent.
Heat the mixture in water bath for 12 minutes and then cool.
OD was recorded at 630 nm.

Reference curve was prepared by using glucose.

vk N

Three replicates were taken and carbohydrate contents were
expressed as mg/ml of tissues.

Results: Different amounts of sugar were observed in various
plant parts used in this plant, which are summarized in the following
manner (Graph 3).

Starch

Starch is biodegradable and renewable in nature. Starch is the
major carbon reserve in most plants. It is a mixture of amylose and

amylopectin and is deposited as granules inside plastids (chloroplasts
in leaf, amyloplasts in non-photosynthetic tissues). The initial attack
on starch granules in leaf and non-photosynthetic tissues is by
a-amylase and a debranching enzyme (Figure 3).

They are increasingly being considered as an eco-friendly
alternative to the use of synthetic additives in many other products,
including plastics, detergents, pharmaceutical tablets, pesticides,
cosmetics and even oil-drilling fluids [7].

Supernatant (1 ml)

!

Supernatant in 5 ml of 52% perchloric acid+65 ml of distilled
water

!
Shake (5 min.)

I
Centrifuged (2500 rpm)

l
Repeat it thrice

!

Supernatant of the sample was pooled and the volume was raised
to 100 ml with distilled water

!

1 ml of aliquot was separated

Results: Varying amount of starch contents was observed in
various plant parts used in Tinospora cordifolia, which given in
following way (Graphs 4 and 5).

Proteins

Proteins are the primary components of living being. The presence
of higher protein level in the plants towards the possible increase in
food value as reported [8]. Protein is an important part of life and
nutrition; it is the substance that composes a large portion of body’s
structure. Proteins are made up of amino acids arranged in different
combinations. Next to water, protein is the most abundant substance
in the human body. It is a part of all body cells and is a vital building
block for growth, maintenance and repair of the body tissues (Figure 4).

Principle: It has been estimated by Lowry et al. [9]. The blue

Graph 3: Carbohydrate content in different plant parts of Tinospora cordifolia.
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Graph 5: Protein content in different plant parts of Tinospora cordifolia.

colour developed by the reduction of the phosphomolydicphoshpho
tungstic components in the Folin- Ciocalteau reagent by the amino
acid, trysoine and tryptophan in the protein.

Materials and methods
Chemicals

1. Reagent A: 2.0% sodium carbonate in 0.IN sodium

Figure 3: Synthesis of Starch in plants. .
hydroxide.

2. Reagents B: 0.5% copper sulphate (CuSO,. 5H,0) in 1%

potassium sodium tartarate.

3. Reagent C: 50% of reagent A+1.0 ml of reagent B.

4. Reagent D: Folin-Ciocalteau reagent

5. Protein Solution: Protein standard solution was made by
dissolving 50 mg BSA (bovine serum albumin) in distilled water, final
volume was made up to 50 ml.

6. Working Standard: 10 ml of stock solution was diluted by
adding 40 ml of distilled water. Concentration range 10 ug-200 pg
proteins was prepared from this by making a series range from 0.1-1.0
ml of solution.

Procedure
Method of extraction
Plant Sample (1 mg)
Figure 4: Synthesis of Proteins. !
Macerated in 80% ethanol (10 ml)
!
Centrifuged at 3000-4000 rpm for 10-15 min
l
Supernatant discarded and residue was pooled
!
Residue was suspended in 5% perchloric acid
!
Recentrifuged at 3000 rpm for 10 -15 min.
!
Graph 4: Starch content in different plant parts of Tinospora cordifolia. Residue was pooled and supernatant discarded
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!

Residue was resuspended in mixture of ethanol, ether and
chloroform (2:1:1)

!

Residue was again centrifuged and washed with 1 N cold TCA
(Trichloro acetic acid)

!

Recentrifuged

!

Again supernatant was discarded and pellet was dissolved in 1 N
NaOH

i

Made up the solution and incubated for 1 hour at room
temperature

Estimation
1. Added 5 ml of reagent C in 0.1 ml of residue.

2. Thenadded0.5 ml of reagent D and incubated at room temperature
for 30 min.

3. Blue colour developed and its OD was measured at 660 nm.

4. Standard curve was prepared with BSA (Bovine serum albumin)
and three replicates were taken for each estimation.

5. Protein contents were expressed in terms of pg/gm fresh weight.
Results

Different amount of proteins was observed in various plant parts
used in this plant, summarized in the following order:

Ascorbic acid: Ascorbic acid is also known as “Vitamin C” is an
antiscorbutic. Usually, it is present in all fresh vegetables and fruits. It
is water soluble and heat liable vitamin. It promotes seed germination,
growth and flowering in plants. Besides, it also stimulates amylase,
protease and RNA activity in various crops. It is found in actively
metabolizing cells. Ascorbic acid (vitamin C) is a familiar molecule
because of its dietary significance, most aspects of its metabolism and
some aspects of its functions in plants are very poorly understood [10]
(Figure 5).

Principle: Norit reagent is used in this method, which oxidizes
ascorbic acid in the presence of Trichloro acetic acid.

Materials and Methods
Reagents

L 2% 2,4-dinitrophenyl hydrazine: 2 gm of compound
dissolved in 100 ml of 9N H,SO,.

II. Norit reagent: 2% activated charcoal (Norit) dissolved in 100
ml of 6% TCA. It was filtered through Whatman filter paper No. 42.

I1II. 10% Thiourea: 10 gm of thiourea dissolved in 100 ml of 90%
alcohol.

V. Standard ascorbic acid solution: 50 mg of ascorbic acid was
dissolved in 50 ml of distilled water. A concentration range from 10
ug-100 pg of ascorbic acid by undertaking a volume series from 0.1-1.0
ml of the standard solution was prepared.

/ D-ghicose

Ascorbic acid

superoxide, hydrogen peroxide
tocopheroxyl radical

Monodehydro
ascorbate
reductase

GSSG
Monodehydroascorbate

Dehydroascorbate

¢ reductase

Dehydroascorbate 2 GSH
\Tartrate
+
Oxalate
Figure 5: Synthesis of Ascorbic Acid.
Procedure
Method of extraction
Plant sample (500 mg)
!
Macerated in Norit reagent (10 ml)
!
Centrifuged at 1000 rpm for 10-15 min
!
Supernatant was pooled
Estimation

1. 1.0 ml of 2-4 dinitrophenyl hydrazine was added to 4.0 ml of the
prepared solution.

2. At the same time, one drop of thiourea was added to it and the
reaction mixture was boiled for 15 min at 100°C.

3. This was followed by dipping these tubes in ice bath for cooling.

4. In this reaction mixture, 5.0 ml of 85% sulphuric acid was added
and subjected to an incubation period of 30 minutes.

5. Different concentrations of ascorbic acid (ranging from 10 pg
-100 pg) were used to prepare the standard curve.

6.  Three replicates were taken and content of ascorbic acid was
expressed in terms of pg/mg fresh weight of the tissue.

Results: Ascorbic acid concentration was different in various plant
parts of Tinospora cordifolia are narrated in the following manner:

Callus (49.11 gm/gdw)>Leaf (43.19 gm/gdw)>Root (42.08 gm/
gdw)>Stem (38.9 gm/gdw)

Total phenol

Phenols are very stable products in plant organisms. Generally,
they are characterized by a benzene ring having one hydroxyl group
(-OH) at its ortho position. They can be converted into lignin, which
is the main phenolic polymer in plants. Grains and seeds containing
high amount of polyphenols are resistant to bird attack. It includes an
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array of compounds like tannins, flavonoids etc. Phenolic compounds
occur in a variety of simple and complex forms. They are oxidized by
oxidative enzymes such as peroxidases and phenol oxidizes.

Principle: Phenolic contents were measured by the method of
Mahadevan [11]. Phenols react with phosphomolybdic acid in Folin
Ciocalteau reagent in alkaline medium and produce blue coloured
complexes (Molybdenum blue).

Material and methods
Reagents
e 80% ethanol
o Folin Ciocalteau reagent
. 20% sodium carbonate (Na,CO,)
o  Standard phenol solution

Stock standard: 50 mg Catechol dissolved in 50 ml of distilled
water.

Working Standard: 10 ml of stock standard was diluted to 100 ml
for preparing of working standard. A series of volume from 0.1-1.0 ml
of this standard gives a concentration range from 10 ug-100 pg and
proceeded as that of the sample.

Procedure
Method of extraction
Plant sample (500 mg)
!

Homogenized in 80% ethanol (10 ml)

l
Centrifuged at 1000-3000 rpm for 20 min

!

Supernatant was saved and residue was re-extracted with 80%
ethanol

!
Centrifuged
l
Supernatant was pooled
Estimation

«  Pipette out 2.0 ml of aliquot in to a test tube.

Plant

o It was made 3.0 ml with distilled water.
o Added 0.5 ml of Folin- Ciocalteau reagent.
»  After 3 minutes, 2.0 ml of 20% Na,CO, solution was added.

«  Mixed thoroughly and the tubes were placed in boiling water for
exactly one minute. After cooling OD or absorbance at 650 nm
against blank was taken.

o  Standard curve was prepared by using different concentrations of
stock standard.

o 'Three replicates were taken and total phenols were expressed in
terms of ug/mg fresh weight.

Results: Amount of phenol contents varied with the type of
explant used as summarized in the following manner:

Stem (77.56 gm/gdw)>Callus (61.34 gm/gdw)>Leaf (53.16 gm/
gdw)>Root (44.21 gm/gdw)

Discussion

Plants are the sources of many bioactive compounds containing
many primary metabolites like, carbohydrates (starch, sugar),
proteins, phenols, ascorbic acid etc. are useful for flavoring, fragrances,
insecticides, sweeteners and natural dyes [12]. During the present
research work, root, stem, leaf and calli of the plant were evaluated
quantitatively for the analysis of chlorophyll, sugars, starch, protein,
ascorbic acid and phenols. Keeping in view the importance of these
primary metabolites the present studies for biochemical evaluation of
primary metabolites from different parts of Tinospora cordifolia was
undertaken (Table 1). In the present investigation, it was observed that
maximum amount of Chlorophyll a and chlorophyll b and is found
in leaf and minimum in root of Tinospora cordifolia. In consonance
to this Rainha et al. [13] also found best result in the anatomical
part of Hypericum foliosum. In contrats to this Havsteen [14], found
maximum chlorophyll result in callus of Triticum aestivum and other
medicinally important plants.

During the present investigation, it was observed that maximum
sugar is found in callus and minimum in root of the plant. In
consonance to this Singh et al. [15] also showed maximum amount
of sugar in in vitro derived callus of Commiphora wightii and
Andrographis paniculata, respectively. Furthermore, root part of
Andrographis paniculata also reported to have appreciable amount of
sugar [16], which is also in favour of our studies However, in contrast
to our findings Leaf and flower of N. indicum showed higher soluble
sugar as compared to other plant parts investigated by Vijayvergia and
Kumar [4].

Leaf Stem Callus Root
metabolites

Chlorophyll a 5.37 £ 0.29 gm/gdw 5.27 + 0.39 gm/gdw 1.28 + 0.58 gm/gdw 0.0

Chlorophyll b 4.67 £ 0.57 gm/gdw 4.23 + 0.59 gm/gdw 1.18 £ 0.006 gm/gdw 0.0
Carbohydrates 6.17 £ 0.65 gm/gdw 4.87 £ 0.39 gm/gdw 7.96 + 0.24 gm/gdw 0.67 £ 0.12 gm/gdw
Starch 8.44 + 0.48 gm/gdw 9.10 £ 0.63 gm/gdw 10.37 + 0.37 gm/gdw 8.36 £ 0.52 gm/gdw
Proteins 76.06 + 0.33 pg/mg 88.57 + 0.29 ug/mg 67.09 £+ 0.47 ug/mg 59.33 + 0.36 pg/mg
Ascorbic Acid 47.63 = 0.4 pg/mg 32.89 + 0.68 pg/mg 61.17 £ 0.90 pg/mg 39.77 £ 0.62 pg/mg
Total Phenol 53.16 + 0.65 pug/mg 77.56 + 0.59pg/mg 61.34 £ 0.76 pyg/mg 44.21 + 0.53 pg/mg

Table 1: Isolated Primary metabolites contents from different plant parts of Tinospora cordifolia.
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Starch is biodegradable and renewable in nature. They are
increasingly being considered as an eco-friendly alternative to the
use of synthetic additives. During the present research studies, callus
of the plant showed higher amount of starch whereas, stem contain
moderate whereas root contain lower amount of starch content. This
is in agreement with the observations made by Sharma et al. [17] for
starch content in Semecarpus anacardium (L). On contrary to this,
fruits of Centella asiatica [18] contain maximum amount of starch.

Numerous polysaccharides purified from Chinese medicinal
herbs are bioactive and possesses immunomodulating, anti-tumour
and antibacterial activities [19]. Proteins are the primary components
of living beings. During the present studies, stem contain maximum
amount of protein followed by leaf, callus and root in the experimental
plant species. Similar result, showing maximum protein content in the
stem part was also observed in Commiphora weightii [15]. However on
contrary to this, the total amount of protein was found to be higher in
seeds [16], Maytenus emarginata and Pongamia pinnata [20,21] and
Moringa oleifera [2] respectively.

The biochemistry and medicines are intimately related to health
depend on harmonious balance of biochemical reaction occurring
in the body, disease reflects abnormalities in biomolecules in
biochemical reactions [22]. Phenols have immunomodulating, anti-
tumour, antibacterial activities. In the present studies, different
plant parts and in vitro callus of the plant evaluated for total phenol
content. It was observed that callus contains maximum amount of
phenol as compared to other plant parts. Similarly, Singh et al. [15]
also examined the presence of appreciable amount of phenol in in
vitro callus culture of Jatropha curcas, Cordia gharaf and Withania
Somnifera, respectively. However, in contrast to this, stem contain
higher level of phenol in N. indicum and has antibacterial and anti-
inflammatory activities [4,19].

Ascorbic acid (vitamin C) is a familiar molecule because of its
dietary significance, it is not only an important antioxidant, but it also
appears to linked during flowering time, developmental senescence,
programmed cell death and responses to pathogens through a
complex signal transduction network. During the present research
investigation, ascorbic acid was found maximum in callus and
minimum in stem of the plant species. Similar results showing higher
amount of ascorbic acid content in callus was also reported by Sharma
[23] in Withania somnifera (L.). However, in oppugnancy to this, total
levels of ascorbic acid were found to be maximum in leaf and pods
of Azadirachta indica [24] and Moringa oleifera [2] respectively [25].
Primary metabolite analysis is necessary for knowing the nutritional
potential of plants and their role as precursors for the synthesis of
secondary metabolites.
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