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INTRODUCTION

Electrophoresis started in 1892 with the works of Linder
and Picton'. This technique was reserved for the analysis of
colloidal particles, micelles and macromolecules. Important
technological innovations have been introduced during the last
30 years owing to the benefits of chromatography liquid.
Among the methods developed the best known is ionic capillary
electrophoresis®®. The technique uses a very small diameter
silica glass capillary tube and makes it possible to separate
ionized or ionizable species according to the difference of their
migration in an electric field. Nowadays, several detectors
(indirect-UV absorption, fluorescence, conductivity) can be
placed after the capillary to visualize the solutes with a sensi-
tivity that can reach 0.1 ppm. The method is commonly used
in the pharmaceutical’, medical’, bio analytical*®’, agroali-
mentary*®, environmental® and industrial fields*'".

In this study, this analytical method has been used to
measure the anions contained in the aqueous humor of cataract
affected patients. The electrolytes have been analyzed with a
capillary electrophoresis equipped with an indirect-UV detector.

EXPERIMENTAL

Origin of the samples: The sampling was taken at the
ophthalmological clinic of Aristide Le Dantec Hospital
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(Dakar), on a sample of 40 cataract affected patients. This
health service accommodates patients coming from various
origins especially from Senegal but also from the neighboring
countries.

The aqueous humor was extracted by aspiration puncture
after washing the cornea and then performing a pre-incision
with a blade. The patients' ages range from 33-80.

The experimental device used consisted of a UV detection
electrophoresis capillary CIA WATERS® system, a data
acquisition and treatment station and a computer equipped
with MILLENIUM 2010 software.

The capillary electrophoresis is an analytical method based
on the separation of the constituents of a sample. Then ionized
species are determined according to their mobility under the
effect of an electric field"".

The capillary has its two extremities extended in two diffe-
rent compartments, containing an electrolyte and a high-
voltage anode. The power difference applied can reach 38§ KV
for a necessary period. A detector placed on the path of the
capillary makes it possible to identify the ion to analyze.

As for the content of anions, the injection is given from
the cathodic side providing thus a negative supply.

Preparation of the samples and standards: The products
used consist of a solution of 4 Mm sodium chromate tetrahydrate,
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a 0.5 Mm solution of OFM-OH, a boric acid solution, a
standards solution especially made and commercialized by
STANDAL and a solution of acetone for the cleaning of the
electrodes.

The applied standards are useful to setting up standardi-
zation lines. The contents of anions are determined from these
curves, by comparing the surfaces of the peaks to those of the
standards. The normal solutions consist of precise quantities
of each element to analyze. The ranges are generally between
0.1-150 ppm in electro-migrative mode of injection.

As part of our study, the ranges of prepared standards
consist of an average combination of anions (Table-1).

TABLE-1
RANGES OF USED STANDARDS

Anion Range 1 (mmol/L) Range 2 (mmol/L)
cr 1.40 0.70
NO, 0.80 0.40
SO,” 0.50 0.25
clo, 0.60 0.30
F 1.30 0.65
HPO,” 0.26 0.13

The solution of chromate/OFM-OH used as electrolyte
has been obtained by mixing in a 100 mL phial, a 4.5 mL
volume of a solution of Na,CrO4 to a 0.1 M, 2.5 mL of
OFM-OH (osmotic flow modifier), 50 mL ultra pure water
and 1 mL boric acid.

This has been completed to 100 mL with ultra pure water
to obtain a solution of chromate/OFM-OH of pH equal to 8.

RESULTS AND DISCUSSION

In this study, we have worked with a capillary electro-
phoresis equipped with an indirect-UV detector to visualize
the elements as they come out of the capillary tube. The
problem faced with is to have a mobile phase or electrolyte
which absorbs at 254 nm, wavelength of the mercury lamp
used. The solution of chromate/OFM-OH makes it possible to
analyze a standard combination of inorganic anions in 4 min

(Fig. 1).
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Fig. 1. Electrophoretogram of a standard combination of major anions

The results obtained by the standardization curve method
reveal the presence of chloride (minima 108.22 mmol/L,
maxima 141.62 mmol/L), nitrate (maxima 2.29 mmol/L) and
hydrogen phosphate (maxima 0.93 mmol/L) elements.

However, contents of sulfate, chlorate and fluoride ions
are identified in some samples. The presence of fluorides would
be linked to the geographical origin of the patients. In effect,
studies made by Sakho'?, on the composition of water supply
in Senegal, have shown high concentrations of fluoride ions
(0.16-0.21 mmol/L) in the districts of Diourbel and Kaolack,
in relation to the established standards by the World Health
Organization (0.03 mmol/L).

When they are in high concentration, the chloride ions go
through the blood and are then found in the aqueous humor.

Besides, the comparison of the results to the physiological
data of the aqueous humor and the serum has raised questions
about the role of these ions in the genesis of the opacification
of the crystalline".

The limits of the detection of the elements are compiled
in Table-2 (Table-2).

TABLE-2
LIMITS OF DETECTION OF THE ELEMENTS
Elements LOD (mmol/L) Elements LOD (mmol/L)
cr 0.0046 Clo, 0.1
SO, 0.032 F 0.020
NO, 0.084 HPO,” 0.041

Determination of reference values: The results of a
chemical analysis always go together with errors'.

Random or indeterminate errors appear when the maximal
sensitivity of a measurement system is reached. They are
caused by many incontrollable or measurable parameters. The
individual detection of these errors is practically impossible
because of their small size. Yet, their cumulative effect is at
the root of the random distribution of the data of a series of
measurements around the average. With the help of statistic
treatment of these data, it is possible to make the judgment
passed on their quality more acute and in this way to set up
reference values'>'.

We have used the properties of the Gauss curve (normal
distribution) to get rid of these aberrant values. The method
consists in having a symmetric distribution around the aver-
age value. The histogram, so drawn, provides values around
which all the other values split symmetrically (Figs. 2 and 3).

These data will be considered as reference values. As far
as the hydrogen phosphate ion is concerned, the measurement
results have revealed a high dispersion of values. The histogram
obtained does not follow a Gaussian distribution, the average
value is considered to be a reference value (Table-3).

The typical-variance characterizes the dispersion of values
on both sides of the average. The higher the typical-variance,
the larger the dispersion.

Besides, the comparison of the results to the physiologic
composition of the normal aqueous humor and the plasma
(Table-4) show the presence of new elements, which have not
been pointed out in literature yet. In effect, the aqueous humor
resulting from the ultra filtration, the diffusion and secretion
of the non pigmented epithelium of the eyelash body shed in
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Fig. 2. Histogram of nitrates
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Fig. 3. Histogram of chlorides

TABLE-3
REFERENCE VALUES (R.V.) OF
THE ELECTROLYTES, IN mmol/L
Element R.V.
cr 125.70 + 3.80
NO,” 0.91 +0.32
HPO,” 0.47 +0.19
TABLE-4

COMPOSITION OF THE AQUEOUS HUMOR AND THE PLASMA

Elements Aqueous humor (mmol/L) Plasma (mmol/L)
Ccr 131 103
HCO, 22 26
H,PO, 0.6 1.1

the posterior chamber of the eye'”. Before its passage through
the pupillary opening between the posterior plan of the iris
and the anterior capsule of the crystalline, the composition of
the aqueous humor undergoes some modifications. Therefore,
we notice an excess in the content of chloride and the presence
of new substances. These elements which change the compo-
sition of the aqueous humor can be the cause of the opacification
of the crystalline.

Conclusion

In this study, we have determined the contents of certain
anions of cataract affected patients. The analysis has been
achieved by means of ionic capillary electrophoresis a specific
and very sensitive modern method. It made it possible to detect
major electrolytes and some trace elements, which have not
yet been detected. The presence of these ions, in addition to
their content, seems to play a role in the opacification of the
crystalline. This has been confirmed by a comparison of the
results found in the physiological data of the aqueous humor
and the plasma. Thus, a therapeutic possibility alternative to
the surgical operation is opening. It constitutes nowadays the
unique means to stop this plague. In order to better understand
the mechanism linked to this opacification, it would be interes-
ting to measure out, later on, the cations present in the aqueous
humor of both affected and healthy subjects.
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