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Kolli, et al.: Antioxidant activity of Morinda tinctoria Leaves

The antioxidant activity and total phenolic content of Morinda tinctoria leaves was evaluated. The successively
extracted leaves of Morinda tinctoria using various solvents was analyzed for their total phenolic content. The extracts
were subjected to column chromatography for the isolation of bioactive molecules. [z vitro antioxidant activity was
evaluated by employing different assays, including 2,2-diphenyl-1-picrylhydrazyl, nitric oxide scavenging assay and
phosphomolybdenum reducing power assay. The 2,2-diphenyl-1-picrylhydrazyl radical scavenging efficacy of hexane
extract is significant at higher concentration (500 pg/ml- 91.2+0.05%) and the efficacy at lower concentration is more
significant for ethyl acetate extract (100 pg/ml - 65.1£0.05%). The total phenolic content was highest in methanol
extract (5.30+0.011 pug/mg). Cynarin, a hydroxy cinnamic acid was isolated from chloroform extract; oleuropein, a
polyphenolic iridoid was isolated from methanol extract. The results obtained suggeted that Morinda tinctoria leaf
extracts possessed antioxidant properties and might offer protection from free radicals. Two compounds, cynarin
and oleuropein were reported for the first time from Morinda tinctoria leaves.
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Excessive generation of reactive oxygen species (ROS)
is involved in structural alterations of cellular
molecules leading to cytotoxicity and cell death!
Plant extracts and phytochemical constituents play
an important role in the prevention of many diseases
and are recognized as natural antioxidants. Phenolic
compounds found in vegetables, fruits or medicinal
plants are known for their antioxidant potential and
their role in prevention of human diseases??. Morinda
tinctoria (Rubiaceae) is distinguished for its traditional
use, phytochemical profiles and therapeutic potential.
It is locally known as “Togaru” and commonly
known as Indian mulberry or aal or nunaa in India.
It is a small tree with immense medicinal properties.
The plant is well known for its therapeutic use in
traditional systems of medicine like ayurveda and
siddha. Literature survey reveals that traditionally
the leaf juice is given orally to children before food
for easy digestion®. The expressed juice of leaves is
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externally applied to gout to relieve pain. The leaves
are administered internally as a tonic and febrifugel*.
The n-hexane, dichloromethane and methanol extracts
of the leaves were shown to possess antibacterial and
antifungal activities?®. The petroleum ether extract
showed anticonvulsant activity!®. Anticonvulsant,
analgesic, antiinflammatory, cytoprotective effect and
antimicrobial activity of Morinda tinctoria leaves has
been reported”. The ashes of Morinda tinctoria leaves
are also reported to act as biosorbents in controlling
ammonia pollution in waste water®]. There are very
few reports on the chemical constituents of the leaves
of Morinda tinctoria. The objective of the present
work was to investigate the total phenolic content,
chemical constituents and antioxidant activity of the
leaf extracts of the plant. The isolated compounds
were identified as cynarin and oleuropein (fig. 1) their
structures were determined based on the observed
spectroscopic ('H-NMR, *C-NMR and IR) data and
reported data in literature. This is the first report
for the occurrence of cynarin and oleuropein from
Morinda tinctoria.
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Fresh leaves of Morinda tinctoria were collected
from GITAM University campus, Visakhapatnam,
India and a voucher specimen has been deposited
at the Botany Department herbarium, Andhra
University, India (Herbarium no. AU-B.D.H- 21106).
All chemicals and solvents used in the present study
were of analytical reagent grade and were purchased
from S. D. Fine Chem, Himedia and Qualigens
India.

The leaves were washed under tap water and shade
dried. The dried leaves were coarsely powdered and
stored at 20° until further use. One kilogram powder
was extracted with 2000 ml of n-hexane, chloroform,
ethyl acetate and methanol successively using a
Soxhlet extractor for 48 h each. The extracts were
then distilled using a rotary evaporator and evaporated
to dryness and weighed accurately. The completely
dried extracts weighed, 15, 33, 20 and 43.6 g each
for hexane, chloroform, ethyl acetate and methanol
extracts, respectively.

About 10 g of the extract was defatted using n-hexane
for 1 h for the removal of fatty materials. The extract
was then dried and dissolved in chloroform (50 ml)
and mixed with silica gel mesh 60-120 and dried,
the dried material was used for column. About 500 g
of silica mesh 60-120 (column chromatography
grade) was kept in oven for 1 h at 105° for
activation. It was cooled in desiccators for 1 h.
The column was packed up to 2/3 portion with
activated silica by wet packing procedure. The column
was then eluted with n-hexane, hexane:chloroform
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Fig. 1: Structures of compounds isolated from Morinda tinctoria leaves
A. Structure of cynarin and B. structure of oleuropein.
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and chloroform:methanol in different ratios. Every
30 ml fraction was collected in different boiling
tubes and each tube was performed for TLC with
mobile phase hexane:chloroform:methanol (5.5:2:1)
so as to analyze the purity of the isolated fractions.
Fractions with same bands were clubbed together.
Six similar fractions were collected. Cynarin was
eluted with chloroform: methanol (6:4) as solvent
system. The dried fraction was further purified
by preparative TLC and characterized by IR,
NMR ('H and "*C) and LC-MS.

About 10 g of dried methanol extract was defatted with
n-hexane for the removal of fatty materials. The extract
was then dried adsorbed with silica gel and used for
column chromatography. The column was packed with
silica gel (60-120 mesh) by wet packing method and
then eluted with chloroform:methanol in different ratios
and the isolated fractions were analyzed on TLC with
mobile phase n-hexane:chloroform:methanol (5.5:2:1).
Similar fractions were combined and dried. Oleuropein
was eluted with chloroform:methanol (6:4) solvent
system and further purified by preparative TLC. The
purified compound was characterized by IR, 'H NMR,
BC NMR and LC-MS.

The free radical scavenging activity of the extracts
was measured in terms of hydrogen donating
or radical scavenging ability using the stable
radical DPPH (2,2-diphenyl-1-picrylhydrazyl).
0.1 mM solution of DPPH in ethanol was
prepared and 1.0 ml of this solution was added
to 3.0 ml of extract solution in water at different
concentrations (100-500 ug/ml). The absorbance
measured after thirty min is 517 nm. Ascorbic
acid was used as a standard. Lower absorbance of
the reaction mixture indicates higher free radical
scavenging activity. The efficacy to scavenge the
DPPH radical was calculated from the formula, DPPH
scavenged (%) = (A . Awl/ Do) <100, where A
is the absorbance of the control, A _ is the absorbance
in the presence of the extracts.

Nitric oxide radical inhibition is estimated by the
use of Griess Illosvoy reaction. Nitric oxide
generated from sodium nitroprusside in aqueous
solution at physiological pH interacts with oxygen
to produce nitrite ions, which were measured by the
method of Garrat. Sodium nitroprusside (5 mM) in
phosphate-buffered saline (PBS) was mixed with
3.0 ml of different concentrations (10-100 pg/ml) of
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the extracts dissolved in the suitable solvent systems
and incubated at 25° for 150 min. After incubation,
0.5 ml of the reaction mixture were reacted with
Griess reagent and allowed to stand for 30 min.
The absorbance of the chromophore formed during
the diazotization of nitrite with sulphanilamide and
subsequent coupling with naphthyl ethylenediamine
was read at 546 nm. The percent scavenging of
nitric oxide is calculated using the formula, NO
scavenged (%) = (A, A/ Aeonro) < 100.

The reducing power of leaf extracts was determined
according to the method of Oyaizul'’. Different
concentrations of plant extracts (25-200 ug/ml)
in 1 ml of methanol were mixed with phosphate
buffer (2.5 ml, 0.2 M, pH 6.6) and potassium
ferrocyanide (2.5 ml, 1%). The mixture was
incubated at 50° for 20 min. A portion of trichloro
acetic acid (10%, 2.5 ml) was added to the mixture
and then centrifuged at 3000 rpm for 10 min. The
upper layer of the solution (2.5 ml) was mixed with
distilled water (2.5 ml) and ferric chloride (0.5 ml,
0.1%) and the absorbance was measured at 700 nm
and compared with standard. Increased absorbance
of the reaction mixture indicates increased reducing
power.

Total natural phenolic content of plant extracts was
determined using Folin-Ciocalteu assay!'!l. Test
tubes containing either 500 ul of standard solutions
of gallic acid (50, 25, 12.5, 6.25, 3.125, 1.5625,
0.78125 png/ml) or crude extracts (diluted 400-fold
with distilled deionised water) was prepared, 500 ul of
10% folin-ciocalteu’s phenol reagent (in double distilled
water) was added into each test tube and mixed.
After incubation for 20 min at room temperature, the
absorbance was determined at 750 nm against the
parallel prepared blank (500 ul of DDW+500 ul of
10% FC reagent+350 ul of 1 M Na,CO; solution).

In the present investigation different solvent extracts
of Morinda tinctoria leaves were examined for their
total phenolic content and free radical scavenging
activity. The total phenolic content is presented in
Table 1. The highest phenolic content was obtained
in methanol followed by chloroform, ethyl acetate and
hexane. The antioxidant assay was performed in the
whole extract as a bio active individual component
can change its properties in the presence of other
compounds due to addition and synergistic effects of
phytochemicals present in the extract. In the present
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work DPPH scavenging efficacy, nitric oxide radical
scavenging efficacy and reducing power assay were
successfully used for the evaluation of free radical
scavenging activity (antioxidant activity) of the crude
extract derived from Morinda tinctoria leaves. Two
compounds cynarin and oleuropein were isolated from
the chloroform and methanol extracts.

The presence of phenolic compounds like flavonoids
and terpenoids in the leaf extracts of Morinda
tinctoria are likely to be responsible for the free
radical scavenging activity. Phenolic compounds and
flavonoids have been reported to be associated with
antioxidative action in biological systems, acting as
scavengers of singlet oxygen and free radicals!'>!3],

The structural identification of cynarin and oleuropein
were carried out by LC-MS, 'H NMR, '*C NMR
and IR. Cynarin was found to be a pale green colour
solid; molecular formula C,;H,.0,, mp: 225-227°;
IR (KBr): 3564.77, 1622, 1095, 804, 673, 597, 466
cm™; '"H NMR: (400 MHz/CDCl,): 8 9.67 (s, 1H),
7.59-7.52 (m, 1H), 7.36 (dt, J=10.8, 1.0 Hz, 1H),
7.24 (t, J=1.3 Hz, 1H), 7.00-6.89 (m, 5H), 6.77
(s, 1H), 6.26 (d, J=15.2 Hz, 1H), 5.76 (d, J=10.8 Hz,
1H), 5.59 (s, 2H), 5.45 (s, 2H), 4.61 (td, J=7.8, 1.2 Hz,
1H), 4.00-3.90 (m, 2H), 2.81 (dd, J=12.4, 7.2 Hz,
1H), 2.68 (dd, J=12.3, 7.7 Hz, 1H), 1.86 (dd, J=12.3,
7.7 Hz, 1H), 1.69 (dd, J=12.4, 7.3 Hz, 1H); *C
NMR (100 MHz/CDCl,): §175.5, 166, 165, 149.2,
148.5, 145, 143.6, 129.2, 123.7, 119.9, 117.4, 118.1,
115, 80, 73.6, 70, 68.4, 37.6, 34.2; MS: [M*] 516.

Oleuropein is a colorless solid; molecular formula
C,H,,0 ,; mp: 89-90°; IR (KBr): 3545.48, 1622.28,
1107.24, 804.39, 673.22, 596.06, 459.10 cm™'; 'H
NMR (400 MHz/CDCl,): 7.29 (d, J=1.0 Hz, 1H),
6.83 (ddt, J=7.6, 2.0, 1.0 Hz, 1H), 6.77-6.72 (m,
1H), 6.67 (d, J=7.5 Hz, 1H), 6.31 (d, J=1.0 Hz,
1H), 5.41 (qt, J=6.4, 1.1 Hz, 1H), 5.33 (s, 1H), 5.03
(d, J=7.7 Hz, 1H), 4.98 (s, 1H), 4.53-4.46 (m, 3H),
4.39 (s, 1H), 4.18 (tt, J=5.5, 1.0 Hz, 1H), 3.97 (dd,

TABLE 1: TOTAL PHENOLIC CONTENT OF MORINDA
TINCTORIA LEAF EXTRACTS
Name of the extract

Phenolic content (ug GAE/mg)

Hexane 1.5+0.028

Ethyl acetate 3.19+0.035
Chloroform 4.88+0.021
Methanol 5.30+0.011

Phenolic content was expressed as in pgs of gallic acid equivalents. Each value
is the meanzSD of three determinations
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J=8.5, 7.5 Hz, 1H), 3.79 (dd, J=12.4, 7.3 Hz, 1H),
3.69 (dd, J=12.4, 7.4 Hz, 1H), 3.61-3.50 (m, 4H),
3.39 (t, J=8.4 Hz, 1H), 3.30 (dt, J=9.4, 7.4 Hz,
1H), 2.84 (tt, J=7.5, 1.0 Hz, 2H), 2.52 (dd, J=12.4,
5.4 Hz, 1H), 2.21 (dd, J=12.4, 5.4 Hz, 1H), 2.13
(s, 1H), 1.90 (s, 1H), 1.75 (s, 2H); C NMR
(100 MHz/CDCL,): § 172, 169.5, 155.2, 146, 131.2,
125, 121, 116, 110, 101, 95, 78.8, 77.4, 74.0, 72,
67.5, 63, 52, 41.6, 35, 30.6; MS: [M*] 540.5. The
spectral data of both the compounds was consistent
with that reported in literature.

The total phenolic content of Morinda tinctoria
leaf extracts is given in Table 1. All determinations
were performed in triplicates. Results are expressed
as gallic acid equivalents (GAE). It was noted that
the methanol, chloroform and ethylacetate extracts
were found to have higher total phenolic content
than hexane extract. This may be attributed due to
flavonoids and polyphenolic compounds present in
these extracts of Morinda tinctoria.

The DPPH radical scavenging activity of Morinda
tinctoria leaf extracts is given in Table 2. This
activity was increased by increasing the concentration
of the sample extract. DPPH antioxidant assay is
based on the ability of DPPH, a stable free radical,
to decolorize in the presence of antioxidants. The
DPPH radical contains an odd electron, which is
responsible for the absorbance at 517 nm and also
for a visible deep purple colour. When DPPH accepts
an electron donated by an antioxidant compound, the
DPPH is decolorized, which can be quantitatively
measured from the changes in absorbance. The IC,
values of the extracts are hexane extract - 100 pg/
ml; ethyl acetate extract - 80 wug/ml; chloroform
extract - 90 ug/ml and methanol extract - 95 pg/
ml. The IC, value of ethyl acetate extract was more
significant followed by chloroform methanol and
hexane. But at higher concentrations the hexane
extract has shown significant percentage inhibition of
DPPH.

The nitric oxide generated from sodium nitroprusside
reacts with oxygen to form nitrite. The extract
inhibits nitrite formation by competing with
oxygen to react with nitric oxide directly and also
to inhibit its synthesis. The nitric oxide radical
scavenging assay of Morinda tinctoria leaf extracts
was given in Table 3. The radical scavenging
activity increased as the absorbance decreased.
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The percentage of inhibition of different extracts
at maximum concentration of 100 ug/ml is,
hexane extract-13.9+£0.003%; ethyl acetate extract-
13.7+£0.006%; chloroform extract- 10.8+0.004% and
methanol extract- 15.440.024%. The nitric oxide
scavenging activity of methanol extract was higher
than the other three extracts.

The reducing properties are generally associated with
the presence of reductones which have been shown
to exert antioxidant action by breaking the free
radical chain by donating a hydrogen atom. Reducing
power of Morinda tinctoria leaf extracts was potent
and the power of the extract was increased with
quantity of sample. For the measurements of the
reductive ability, the transformation of Fe3* to
Fe?" was investigated in extract as described by
Oyaizu et al''l. The reducing power was increased
with increasing the concentration of extract. The
absorbance values of the increased concentration of
the extracts were given in Table 4. The absorbance
of different extracts at 700 nm and 200 pug/ml were,
hexane, 0.565+0.07; ethyl acetate, 0.611+0.02;
chloroform, 0.608+0.042 and methanol, 0.59+0.056,
which were almost similar indicating that compounds
containing reducing properties were present in all
these extracts.

The ethyl acetate and methanol extracts of Morinda
tinctoria possesses potent antioxidant substances
which may be responsible for its biological activity.
The total phenolic content is higher in chloroform

TABLE 2: DPPH RADICAL SCAVENGING ACTIVITY OF
DIFFERENT EXTRACTS OF MORINDA TINCTORIA LEAVES

Conc. Hexane Ethyl acetate  Chloroform  Methanol
in pg/ml extract extract extract extract

500 91.2+0.05 85.6+0.06 80.8+0.04 84.9+0.07
400 86.7+0.04 78.9+0.03 73.4+0.08 81.9+0.02
200 73.4x0.09 72.4:0.01 65.1+0.04 69.8+0.03
100 51.8+0.02 65.1+0.05 59.0+0.06 53.5:0.04

DPPH radical scavenging activity is expressed as % inhibition and each value is
the meanzSD of three determinations

TABLE 3: NITRIC OXIDE SCAVENGING POTENTIAL OF
MORINDA TINCTORIA LEAF EXTRACTS

Conc. Hexane Ethyl acetate Chloroform  Methanol
in pg/ml extract extract extract extract

100 13.9+0.003 13.7+0.006 10.8+0.004  15.4:0.024
50 10.2+0.004 10.8+0.002 10.2+0.003  15.0+0.004
25 7.3+0.005 10.2+0.003 8.8+0.021 13.2+0.005
12.5 6.9+0.002 8.8+0.002 8.1+0.005  10.8+0.004

Nitric oxide scavenging activity is expressed as % inhibition and each value is
the mean+SD of three determinations

Indian Journal of Pharmaceutical Sciences 229



www.ijpsonline.com

TABLE 4: REDUCING POTENTIAL OF DIFFERENT
EXTRACTS OF MORINDA TINCTORIA LEAVES

by traditional healers in kancheepuram district of Tamil Nadu, India.
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