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Editorial
The large number of marine organisms present in the ocean,

together with the diverse marine environments to which they have
adapted, provides an enormous and mostly unexploited source of
structurally novel and biologically active secondary metabolites
[1]. Some of these organisms have provided compounds that have
served as important leads in the discovery of new drugs [2], as probes
in molecular pharmacology [3], and use as pest control agents [4]. In
particular, they are a rich source of antioxidants but there has been
limited work in screening organisms containing this rich source of
structurally unique natural products for antioxidant activity. For
instance, there are a large number of active components in macroalgae
with antioxidant properties, including pigments such as
polyphloroglucinols and fucoxanthin [5,6], bioactive carbohydrates
such as fucoidan and laminarin, minerals, and UV absorbing
mycosporine like amino acids [7]. Glutathione, an important
antioxidant in plants, animals, fungi and some bacteria, is found in all
macroalgae with some species containing as much as 3082 mg/100 g
[8].

One way to screen crude marine extracts for antioxidant activity or
radical-scavenging effects is to use either: (i) a solution based or (ii) a
high performance thin layer chromatography (HPTLC) based 2,2-
diphenyl-1-picrylhydrazyl (DPPH) free radical bioassay[9-12]. This
method is based on the use of stable DPPH• free radical species which
when added to a sample, react and neutralize antioxidants present in
the sample [13,14]. DPPH• is a deep purple colored free radical that
turns into pale yellow when reduced by an antioxidant. If a known
amount of DPPH• is added to a sample, the decrease in absorbance at
517 nm due to the disappearance of DPPH• free radical is directly
proportional to the amount of antioxidants present. The DPPH• free
radical is stable in ethanol solution at room temperature as the odd
electron on the nitrogen is able to delocalize through the entire
molecule (Figure 1), so the molecules do not dimerise like most other
free radicals. This delocalization of electrons gives rise to the intense
violet color of DPPH solutions. It is the odd electron on the nitrogen
atom in DPPH• that is reduced by receiving a hydrogen atom or
electron from an antioxidant present to form its corresponding
hydrazine (yellow non-radical species) [15]. The concentration of the
DPPH at the end of a reaction will depend on the concentration and
activity of the free radical scavengers presents [16].

Figure 1: DPPH - free radical and its reduced form

In order to isolate and identify which are the most potent free
radical scavengers present in a sample, the DPPH assay can be
combined with either high performance liquid chromatography
(HPLC) or high performance thin layer chromatography (HPTLC).
Unfortunately, the use of the on-line HPLC method has not been
successful as slow reaction kinetics results in inaccurate antioxidant
capacity measurements [17]. HPTLC combined with DPPH radical
detection of antioxidants in situ has been reported and successfully
used to screen for antioxidants produced by marine bacteria and also
antioxidants present in plant extracts [18]. In the HPTLC-DPPH assay,
a developed plate with the separated sample components, is sprayed or
dipped in an alcohol DPPH• solution. The yellow bands that develop
on the HPTLC plate against a purple background indicate the presence
of an active antioxidant compound.

Recently, we used a reversed phase HPTLC-DPPH• antioxidant
assay using gallic acid as the model antioxidant analyte, to measure
and compare the antioxidant activity of crude extracts in terms of their
free radical-scavenging activity. The method performance on reversed
phase plates is compared with the method performance on normal
phase HPTLC plates. Normal phase and reversed phase HPTLC plates
were spotted with the different plant extracts and then eluted. A
suitable mobile phase for elution on reversed phase plates was
developed using acetone: water with a final ratio of 9: 1 (v/v) providing
good separation of the active compounds. In the case of normal phase
HPTLC, best separation was obtained using n-hexane: ethyl acetate:
acetic acid (20:10:1) as the mobile phase. Antioxidant activity was
determined by spraying the developed plates with 0.4% (v/w) DPPH
dissolved in ethanol. DPPH radical-scavenging compounds appeared
as yellow bands against a purple background on the plate (Figure 2).
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Figure 2: Developed reverse phase (left) and normal phase (right)
HPTLC plate with white light under the plate after spraying with
DPPH• solution.

The accuracy, precision, limit of detection (LOD) and limit of
quantification (LOQ) for the quantification of gallic acid as a model
analyte were determined using standard solutions of gallic acid. A
linearity was established in the range of 0.5 -5.0 µg of applied gallic
acid, with coefficient of correlations being 0.991 and 0.996 for normal
and reversed phase HPTLC respectively. However, in the case of
normal phase HPTLC method, the intercept was significantly different
from zero (t=8.58, greater than a theoretical value t=2.36 at ɑ=0.05)
indicating method bias (Table 1). Higher precision of the method was
also achieved using reversed phase TLC plates (Table 2). The accuracy
of the normal phase HPTLC method was good except at the lower
value of concentration studied (applied 1.0 µL) since it was below the
LOQ.

Method Equation of
the line

Correlation
coefficient

tcal ttab LOD
(µg/µL)

LOQ
(µg/µL)

Normal
phase
HPTLC

y=23445*x
-17710

0.991 8.58 2.36 0.24 0.83

Reverse
phase
HPTLC

y=41104*x -
4944

0.997 1.84 2.13 0.33 1.11

Table 1: Calibration and regression of Gallic acid. y=Band area (pixels).
x=Applied amounts (µL), tcal=calculated t value, ttab=tabular t value
(ɑ=0.05)

The hydrophobic layer in reversed phase HPTLC plates offers
several advantages. Sample separation does not require the use of a
complex multicomponent mobile phase. Acetone: water mixture can
be used as a mobile phase and adequate separation can be achieved by
modifying the fraction of water used. Plates are not affected by
humidity and separation is better when compared with separation on
normal phase HPTLC plates since the migration of the sample is based
on partitioning rather than absorption. Reversed phase HPTLC plates

are also generally recommended as they do not influence the radical
antioxidant reaction.

However, reaction of positively charged silica gel present on normal
phase HPTLC plates with the target polyphenolic compounds
strengthens the DPPH radical antioxidant reaction and provides better
color contrast on the plates [19].

Applied
volume
(µL)

Observed
volume (µL)

Relative
standard
deviation (%)

Bias (%)

Reverse
phase HPTLC

1.0 0.98 ± 0.05 4.85 1.83

2.0 1.94 ± 0.09 4.51 3.11

3.0 2.94 ± 0.06 2.16 1.91

Normal phase
HPTLC

1.0 1.06 ± 0.06 6.12 5.78

3.0 3.00 ± 0.16 5.26 0.11

Table 2: Accuracy and precision of the method based on gallic acid
quantification (n=3), Bias (%)=(observed volume- applied volume)/
applied volume.
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