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Abstract
A differential pulse cathodic stripping voltaimnetric ( DP-CSV) method for

determination of emodin in Britton- Robinson buffer (pH2) at a hanging mercury drop
electrode (HMIDE) is described. The method is based on measuring the reductive peak height
at —0.25V vs Ag/AgC1 reference electrode. The linear relationship between the peak current
and emodin concentration allowed the voltarnmetric determination of emodin over a wide
concentration range 1.0 X 10 -7 —2.5 X10 -6 M, with a relative standard deviation of 3.3% (10
determinations at IX 10 -7 M). Adsorption of emodin at HMDE enabled a detection limit of
2X10 -1°M after 3 min accumulation at 0.0V.

The applicability of the suggested method was found to be suitable for the
determination of emodin in roots, stems and leaves of Rumex cyprius plant.

Keyword: Emodin, determination, adsorptive stripping voltammetry.
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Introduction

Emodin (1,3,8- trihydroxy- 6 — methylanthraquinone), I, is a naturally
occuring anthraquinone formed in older Ramnus frangula L., Ceseara
sagraela, R. cyprius and other Polygonaceae. It was reported (1-3) that
emodin has multivarious effect in pharmacology. Locally in this area (West
Bank), R. cyprius grows as a plant and is used in folk medicine for curing
some human skin diseases (4, 5).

Emodin was determined in its natural sources by several methods as
thin layer chromatography (TLC) (6-8) HPLC (9) , capillary electrophoresis
(10,11) and high performance liquid chromatography (HPLC) (12-15). Al-
Nuri etal (9) suggested a spectrophorometric method for determination of
emodin by measuring the absorbance at 250 am.

Pal and Jana (16,17) used emodin as a spectrophotometric reagent for

OH 0	 OH

OH

trace determination of Be (II), Ca (II) and Mg (II) using conventional and
first derivative spectrophotometry.

To the best of our knowledge, no voltammetric work is yet published on
the determination of emodin. The ethanolic extract of emodin from R.
cyprius plant was used in our work here to determine emodin concentration
in the plant and compared with a reference solution of pure emodin analysed
voltammetrically at the same conditions .

Experimental

Apparatus and reagents

The stripping voltammeter EG&G, model 264B coupled with 303A stand
was used. Differential pulse cathodic stripping voltammograms (DP- CSV)
were obtained using x-y recorder, model RE0150 ( Princeton Applied
Research). The three- electrode system was composed of a hanging mercury
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drop electrode (FEVIDE), a Ag/AgCI reference electode and a platinum wire
auxiliary electrode. A pulse amplitude of 50 mV was selected to obtain DP-
CSV at intervals of 0.5 seconds and a scan rate of 10 mVs -1 . The pH
measurements were obtained with a Hanna HI 1230 PH/ reference elecrode
and a Hanna HI 8424 pH meter. Doubly distilled water was used to prepare
all the solutions and standards.

All chemicals were of BDH, and emodin, tech 90 +% (molecular weight
= 270.24g/mole) was purchased from Aldrich Chemical Company. The R.
cypAis plant from which emodin was extracted in ethanol was collected from
Nablus local area in the West Bank. The leaves, stems and roots of this plant
were dried in the shadow before the extraction procedure after which it was
determined voltammetrically. Emodin solution in ethanol seemed to be stable
for at least several weeks at room temperature.

Procedure

To obtain an adsorptive CSV for emodin (differential pulse mode), 10 ml
of Britton Robinson (BR) buffer of the selected pH (pH2) were placed in the
voltammetric cell. The purging with pure (99.999%) nitrogen was initially
accomplished for 8 minutes, with stirring. Between measurements, the
purging and stirring were done for 0.5 minute only. After the formation at a
new IIN/IDE, an accumulation of 60s at 0.0 V was carried on. An automated
scanning from 0 to — 1.2 V was usually made at the end of the accumulation,
with 15sec- equilibration time selection. A digital micropipet was used to
insert sample volumes accurately to obtain successive measurements.

Results and Discussion

Reduction Peaks of Emodin

The effect of pH on the adsorptive differential pulse stripping
voltammetric peak of emodin was investigated; the solution exhibited one
cathodic peak in the pH rangel.0- 10.5. The adsorptive stripping response of
emodin is strongly dependent on the pH of the solution. A sharp increase in
the peak response was observed at pH range 1.0-2.0. The height of this peak
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decreases gradually and becomes broad as the pH increases (Fig. 1), and
disappeares at pH > 10.5.

The peak potential shifted towards more negative values as the pH
increased. This behaviour clearly shows that protons participate directly in
the reaction process. From these data, the optimum pH. (2.0) for the
determination of emodin was chosen.

0.2 — 0.4 -0 8 2 V

F3Zen t , j versus	 AgJARC t

Fig (1) Effect of pH of BR buffers on the DP- CSV peak current of
5x10 -6 M emodin
Eacc.= OV, t„„. = 60 s, scan rate 10mVs -1 other conditions as mentioned
in the procedure.

Effect of accumulation potential

The effect of accumulation potential on the peak current of 2 x 10 -6M
emodin is illustrated in Table (1). The scanning was carried always from 0 to
-1.0 V, and to achieve this, an equilibration time of 15 sec was utilised to
switch any accumulation potential back to OV. The peak potential ranged
from — 0.22 to — 0.24V, and the optimum accumulation potential was selected
as OV which gave 1.6 ttA current at -0.24 V.
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'Fable (1): Effect of accumulation Potential on the DP- CS \ peak current
of 2 x i OThl emodin in BR buffer, pi-T2 = 60s and scan rate — 0
:no's - (EPODE)

Froct of accumulation

The accurnualtion time effect on the peak current of 5 x 10 - NI and 2 x
emodin is illustrated in Fig (2a). The peak potential for the lower

concentration was - 0 22V and for the other one it ranged from — 0.22V (short
accumulation tones) to -- 0.25V (long accumulation times). The linearity of
peak current with accumulation time is better for the lower concentration as
expected due to lower surface coverage (19). The yoltammograms of this
concentration are shown in Fig (2b). For longer accumulation times (more
than 180sec.), the peak current decreases, perhaps as a result of a desorption
effect from multilayers formed at the electrode surface.

Scan rate effect and cyclic voltammetry:

Using DC mode, the scan rate effect on the peak current and peak
potential of 5 x 10 -6M emodin was studied as shown in Table (2). At slow
scan rates, a linearity of peak current with scan rate is observed, indicating
adsorption behaviour. Peak currents at faster scan rates are less than expected
from linearity, possibly due to slow kinetics of the reduction process. With
increasing scan rate, a negative shift of the cathodic peak current is obsorved
which indicates a degree of irreversibility of the electrode processs (20).

Eau., V
X0.1

-0.2	 1.3
-0.4
- 0. 6	 0.9
-08	 0.6
-1.0
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Fig 2a: Effect of accumulation time on the DP- CSV peak current of (1)
5 x 10 -7M (2) 2x 10 -('M emodin in BR buffer, PH2.

Fig 2b: Voltammograms of 5 x 10 -7M emodin accumulated for 0,20, 40,
60, 90, 120 and 180s. in the respective order. The zero current of the
blank is also shown. Eacc = OV.

Table (2): Effect of scan rate on the reductive peak current of emodin (5
x 10 -`'M) in BR buffer, p1-12; tact= 60s at OV, scanning from 0 to — 1V

Scan rate mVs -1 Peak current,

10 0.2

20 0.4

50 0.8

100 1.1

200 1.9

500 2.5

1000 2.2
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Three repetitive cyclic voltammograms of 5 x 10 -6M emodin at 50 mVs -1

are shown in Fig (3a). No anodic peak is observed, which indicates an
irreversible behaviour of the reduction of emodin. Fig (3b) shows a small
anodic peak at about —0.28V when the scan rate was increaed to 1000 mVs -1 .
This anodic peak is observed only at such a fast scan rate as time is not
enough for the reduced species to escape away from the elecrode surface, so
the remaining molecules of it are oxidised in the anodic scan. The anodic
shoulder at about OV is usually obsorved in BR buffers, and is suggested to
be due to buffer constituents.          

0   -05V

a b

Fig (3): a) repetitive cyclic voltammpgrarns (3 cycles) of 5x10 -6 M

emodin after accumulated for 60 sec. At OV. Scan rate = 50mVs -1 , b) as
in a but scan rate — 1000mVs-1 (1 cycle).
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Effect of concentration

The effect of emodin concentration on its DP - CSV Peak current was
studied, using the optimum conditions. The detection limit was about 2 x
10 -10 M after accumulation for 3 minutes at DV. Longer accumulation times
were not attempted as the peak current decreases after 3 minutes
accumulation.

The peak current at 1 x 10 -9 M level (3 minutes accumulation) was equal
to 0.25 uA.

As shorter accumulation times gives better linearity for a calibration
graph, one minute were repeated 3 times for each point.

At At 8 x 10 -7 M level, the average peak current was 0.90 ILIA and RSD =
3.3% (10 measurements). The linear range extends from 1 x10 -7 to 2.5 x 10 -6

M emodin ( Fig 4). At higher concentrations (up to 1 x 10 - 'M) the negative
deviation from linearity was observed.

M modal

Fig (4) Calibration graph of emodin, after accumulated 60 s. at OV for
other conditions: in the "procedure" part.
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Determination of emodin in the plant extracts

To extract emodin from the plant, 25g of each of the dried leaves, stems
and roots were extracted in about 250m1 ethanol (96%) by heating, and the
rotary evaporator was used to decrease the volume of each extract to 100 ml.

The calibration graph of emodin was utilised to determine it in the
exracts of leaves, sterns and roots of R. cyprius plant. Fig (5) shows three
peak currents for emodin in leaves, stems and roots of the analysed plant.
Refering to the calibration graph which was made at the same conditions, this
plant was concluded to have emodin in its parts as follows.

leaves	 0 . 05 °A
stems	 0.02%
roots	 0.25%

Fig (5):	 0- CSV voltammograms of emodin in the ethanolic plant
(I ) (1.005g leaves (2) 0.005g stems () 0.0058 roots, added

!. -secipenti\, ,' to	 ml BR buffer pH2 voltammetric cell. Conditions
arlie, as the calihmtion r1 -aph. Measurements were made in duplicates.
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