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CHARACTERISTICS OF CHELATION ABILITY OF CHOSEN METAL IONS
BY PROTECTIVE OINTMENTS CONTAINING Na,H,EDTA
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Abstract : Allergy contact dermatitis is a common occupational disease and the protective ointments are often
used by the sensitized subjects. The efficacy of the chelation ability of the barrier creams containing
Na,H,EDTA was evaluated.The in vitro test with the diffusion chamber and artificial membrane was performed.
The effect of the Na,H,EDTA concentration (3, 5 or 10%), pH of the buffer for Na,H,EDTA dissolving and
the vehicle of the ointment on the chelation of Ni* and Co® were assessed. The ointment with 10%
Na,H,EDTA dissolved in the buffer of pH 7.0 or 7.4 buffer was found as optimal for the protection ability.
There was no influence of the formula of the ointements on the efficiency of chelation.
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Barrier creams may contain the active ingredi-
ents which interfere with the absorption and pene-
tration of irritant agents into the epidermis. The opti-
mal barrier cream should be able to completely
block, like a glove, the contact between an allergen
and a skin (1). Though many preparations tested so
far in this respect appeared to be inefficient, chelat-
ing agents have shown sufficient potential for prac-
tical use (2). Their addition into pharmaceutical for-
mula increases the efficacy of creams by complex-
ing metal ions, conceals it from the immune system
and reduces the penetration of metal ions into the
epidermis (3). Among many chelating agents, ethyl-
enediaminetetraacetic acid (EDTA) is the most com-
monly used and it may be incorporated into topical
preparations, or used orally (5). There are several
forms of EDTA, which include mono, di, tri, or tetra
substituted salts.

The aim of the study was to elaborate the most
favorable chemical formula for the protective oint-
ment in terms of Na,H,EDTA-2H,0O concentration,
pH of the buffer component used for dissolving the
chelating agent and the base for the ointment formu-
lation. The in vitro test with the application of a dif-
fusion chamber equipped with artificial membrane
of chemically modified cellulose was performed to
find the most satisfactory protection against chosen
metal ions.

* Corresponding author: e-mail: epimer@wp.pl; telephone 323641073

EXPERIMENTAL

The experiments were performed with the use
of diffusion glass chamber consisting of a donor
compartment, receptor compartment and the artifi-
cial membrane. The membrane of chemically modi-
fied cellulose (SPECTRAPOR) was mounted
between donor and receptor of the chamber com-
partments. The whole volume of receptor compart-
ment was filled with the tested ointment. The sur-
face of the membrane was washed with the solution
containing 10 mg of CoCl,-6H,0 or 12 mg of
Ni(NO;)-6H,O dissolved in 20 mL of water. The
peristaltic miniflow pump ensured the circulation of
external solution. 100 UL aliquots were withdrawn
from the receptor solution every 60 min, diluted to
the volume of 3 mL and kept for further analysis.
The experiments were run for 5 h.

The buffer solutions of the following pH: 7.0,
7.4, 7.8 and 8.2 were prepared according to the
Polish Pharmacopoeia prescription (FPVI). The pro-
tective eucerin- or hascobase-based ointments con-
taining 3%, 5% or 10% of Na,H,EDTA-2H,0 dis-
solved in each of the four buffers were made, and
then they were emulgated in the eucerin or has-
cobase with the application of unguator. The con-
centration of chosen metal ions was determined by
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the atomic absorption spectrophotometry (model
AAS vario 6) at the wavelength of 240.7 nm for Co*
and 232.0 nm for Ni*. Each ointment sample was
analyzed three times.

Statistical analysis was performed with the use
of Statistica 6.0 computer program. The normal dis-
tribution of analyzed data was performed with the
use of Shapiro-Wilk test. To compare the differ-
ences between specific chemical formulas of the
ointments, the analysis of variance ANOVA or non-
parametric alternative of this test (Kruskal-Wallis
test) was applied. To compare the statistical signifi-
cance between two samples, the t-Student’s test or
the non-parametric alternative of this test (U Mann-
Whitney test) were used. A p value of < 0.05 was
considered statistically significant.

RESULTS

The study showed that the protective ointment
containing 10% Na,H,EDTA-2H,0 was more effec-
tive in Ni** and Co* ions binding than the ointments
with 5% and 3% of Na,H,EDTA-2H,0 emulgated in
either eucerin or hascobase (Table 1). After 5 h last-
ing diffusion test the ointment containing 10%
Na,H,EDTA-2H,0 and eucerin was found to chelate
25.42 £ 3.19% of Ni** and 19.93 £ 2,17% of Co*,
whereas the ointments with 5% and 3%
Na,H,EDTA-2H,O chelated 9.27 £ 1.28% of Ni*
and 11.56 + 0.98% of Co*, 6.09 = 0.56% of Ni**and
6.23 £ 0.97% of Co*, respectively.

Based on these results, in the next step of this
study only the ointments with 10% Na,H,EDTA-2H,0
were analyzed. The analysis of the buffer pH influ-
ence on chelation ability revealed that the ointment
prepared upon hascobase displayed the most effec-
tive capacity of Co** chelation at the pH of 7.0 and
7.4 (Figure 1). Since, there was no statistical signif-
icance in chelation ability of Co* ions between oint-
ments with hascobase at pH = 7.0 and 7.4 both pH
values were evaluated as optimal ones. For the all
remaining pairs of buffer pH to be compared, differ-
ences were statistically significant (p < 0.05).

The protective eucerin-based ointments
showed the optimal chelation ability of Co* at the
pH of 7.8 and 7.4 (Figure 2). There was no statisti-
cally significant difference in chelation efficacy of
Co™ ions between the ointments with eucerin at pH
=7.8 and 8.2, pH = 7.4 and 8.2, as well as pH = 7.0
and 7.4. For the remaining pairs of buffer pH of ana-
lyzed ointments the differences were statistically
significant (p < 0.05).

Furthermore, the pH of 7.0 and 7.4 was found
to be optimal for chelation of Ni** ions by the ana-

lyzed ointments with eucerin (Figure 3). The chela-
tion ability of Ni**ions was not statistically different
when ointments with buffers of pH = 7.8 and 8.2, pH
=7.4 and 8.2, and pH = 7.0 and 7.4 were compared.
The comparative analysis of the remaining pairs of
buffer pH used, showed statistically significant dif-
ferences (p < 0.05).

The pH values 7.0 and 7.4 appeared to be opti-
mal for chelation of Ni** ions by the ointments with
hascobase (Figure 4). No statistically significant dif-
ferences were found in chelation ability of Ni* ions
between the ointments of pH = 7.8 and 8.2 and pH =
7.0 and 7.4. When the remaining pairs of buffer pH
were analyzed, the statistical differences were found
to be significant (p < 0.05).

The effect of the base used (eucerin or has-
cobase) in the pharmaceutical formulas on the metal
ions binding efficiency appeared to be statistically
insignificant.

DISCUSSION AND CONCLUSION

The sensitivity resulting from the contact of the
skin with metal ions is a disease commonly affect-
ing the metal workers, the hairdressers, the cleaners
and the jewellers in many Europe countries. The
best way to prevent dermatitis caused by allergic
reactions induced by metal ions is the avoidance by
the sensitized individual a direct skin contact with
relevant allergen. However, in many cases, especial-
ly in the industry, this is not possible. The alterna-
tive solution includes the protection of the skin by
gloves or barrier creams. Application of the barrier
creams may play an important role in the prevention
of allergic contact induced dermatitis (6). Barrier
creams are expected to remain effective for 5-6 h.
Over the past 40 years, several substances that
chemically bind metal ions have been investigated
for their ability to prevent the signs of allergic con-
tact dermatitis (7). In dermatological studies ethyl-
enediaminetetraacetic acid as disodium salt
(Na,H,EDTA-2H,0) due to its metal ion complex-
ing ability was most frequently used. In the present
study the elaboration of a chemical formula for the
protective ointment was performed with the applica-
tion of a diffusion chamber equipped with artificial
membrane of chemically modified cellulose. The
ointment containing 10% of Na,H,EDTA-2H,0 was
found to be the most effective against Ni** and Co*
aqueous solutions. These findings were consistent
with the results of other authors (1, 3). The necessi-
ty of the buffer solution as a component of the pro-
tective ointment containing Na,H,EDTA-2H,0 is
well known. The reaction of binding metal ions by
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Table 1. Comparison of the chelation ability of Co* and Ni* ions by the protective ointments containing 3, 5 and 10% of Na,H,EDTA.

EDTA 3% (Co*) 3% (Ni*) 5% (Co*) 5% (Ni**) 10% (Co*) 10% (Ni*)
ointment base
3% Eucerin - - 0,025900 0,006164 0,00105 0,003582
3% Hascobase - - 0,011250 0,005294 0,00359 0,002582
5% Eucerin 0,02590 0,006164 - - 0,00692 0,017459
5% Hascobase 0,011250 0,005294 - - 0,00489 0,014582
10% Eucerin 0,00105 0,003582 0,00692 0,017459 -
10% Hascobase 0,00359 0,002582 0,00489 0,014582 -
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Figure 1. The effect of buffer pH on the chelation ability of Co*
by the protective ointment with hascobase.
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Figure 2. The effect of buffer pH on the chelation ability of Co*
by the protective ointment with eucerin.

Na,H,EDTA is reversible and is linked with hydro-
gen ion liberation according to the reaction:
M(H,0),* + H,EDTA* <> MEDTA™ + 2 H;0" + (x-
2) H,0. The presence of the buffer ensures the bind-
ing of H;O" and displacement of the reaction equi-
librium to the right direction (3, 8).

In the present study the greatest capacity for
Co? detoxification has been seen with the protective
ointment containing hascobase and the buffer of pH
= 7.0 or pH = 7.4. The remaining buffers revealed a
lesser degree of Co* binding after the first and fifth
hour of the test. The same pH values of buffer (7.0
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Figure 3. The effect of buffer pH on the chelation ability of Ni**by
the protective ointment with eucerin.
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Figure 4. The effect of buffer pH on the chelation ability of Ni* by
the protective ointment with hascobase.

and 7.4) were optimal for Ni** binding by the oint-
ments emulgated in either eucerin or hascobase.
These pH values secure the good stability of Co*
and Ni* complexes with Na,H,EDTA (pf1
Ni(EDTA) = 18.62, ppl Co(EDTA) = 16.31). In
addition, Na,H,EDTA should form complexes with
Co* and Ni** which are more stable than the metal
protein conjugate antigen formed in epidermis and
have more rapid complexation reaction kinetics with
these metal ions, compared to the skin protein—metal
ion complexation reaction that leads to the forma-
tion of metal-protein conjugate antigen (3). The
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eucerin-based ointments with the buffer of pH = 7.4
or pH = 7.8 had the greatest capacity for Co** bind-
ing. Moreover, the topical preparations of protective
ointments with a higher pH value may run a risk of
allergy reaction. The chelating agents should be dis-
persed in a vehicle that is suitable for cutaneous
application and has a pH that favors ion metals com-
plexation. The pH ranges of the epidermis and der-
mis are 4.2-6.5 and 7.2-7.3, respectively, so the con-
ditions of the examined ointments were favorable
for complexation reaction (9).

The utilization of barrier creams with
Na,H,EDTA is an appropriate solution for the
patients sensitized to metals who cannot thoroughly
avoid allergen contact or who cannot wear protec-
tive gloves. Because the significant amounts of
some metal ions (especially Ni**) remain bound to
the epidermis after their contact with the skin, it is
recommended to wash hands immediately after this
contact (3). The effect can be improved by the use of
cleaning solutions containing the chelating agent
such as Na,H,EDTA or histidine. However, the pro-
tective creams with Na,H,EDTA can only give pro-
tection to Ni** or Co* sensitized individuals but they
remain not useful among chromium sensitized indi-
viduals. Chromium is the only trivalent ion among
metal allergens which forms the stable complex with
Na,H,EDTA at very low pH (1-2) (10). The appli-
cation of protective creams with Na,H,EDTA can,
however, be limited as indicated by the latest reports
(11) about Na,H,EDTA sensitized patients. The
general rule is that water in oil (w/o) emulsions are
effective against aqueous solution of irritant agents
and oil in water (o/w) emulsions are effective
against lipophilic materials. In this study no statisti-
cal differences between the protective ability of
ointments containing hascobase or eucerin as a vehi-
cle have been established. It should be noticed that
the vehicle alone of barrier creams cannot have a

positive effect on the skin status and the reduction of
allergy reaction (12). Based on the presented results
it can be stated that Na,H,EDTA was an active com-
ponent of barrier creams prepared in the experiment.
In conclusion, it is clear that Na,H,EDTA — has-
cobase formula should be choosen as more optimal
due to its higher galenic stability in comparison to
Na,H,EDTA - eucerin formula.
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