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Fig. 3. Reaction of wound exudates with Pl sugar ointment or CI ointment. The
amount of lodine o d when wound exudates reacted with Pl sugar ointment
(closed square) was larger than the amount of iodine consumed when wound exu-
dates reacted with CI cintment (open square). The experiments were performed at
the 0.1 {w/vE) iodine concentration. Results are expressad asmeans £5.0, (n=9).

Table 2
Observed initial reaction rate of PI sugar ointment and C1 ointment toward wound
o

Formulation Observed Initial reaction rate (10-* M/min
P sugar ointment 513
Cl ointment 1.45

* Value of a slope obtained from regression line at an iniclal phase of the reaction
in Fig. 3.

to permeate the silicone membrane and reside in the receptor cell
as iodine ion 13~. lodine concentration in the receptor cell was
calculated using molar absorbance coefficient (s = 26,303). When
free-iodine permeates through asilicone membrane from the donor
cell to the receptor at the sink condition, the permeation rate is
expressed by dM/de=DK/h SC, where D is diffusivity in the mem-
brane, K is partition coefficient between membrane and donor
solution, h is thickness of membrane, S is area for the permeation,
C is iodine concentration of donor cell. When apparent perme-
ability is defined by P=DK/h, the amount of permeate iodine M is
expressed by M= PSCt. Therefore, the amount of permeate iodine
M is expressed by the primary linear expression of time and the
slope of the graph is proportional to the iodine concentration in
the donor cell. The slope calculated from the graph of permeation
pattern of free-iodine through the silicone membrane of PI sugar
ointment (Fig. 5) was 7.93 (10~ mol/s) and that of Cl ointment was
0.868(10-'° molfs). Under the condition tested the free-iodine con-
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Fig. 5. Permeation patterns of free-iodine (initial total lodine concentration, 0.1%)
through the silicone membrane at 30°C. Pl sugar ointment is expressed as closed
square and C1 ointment is expressed as open square. Results are expressed as
means £5.0. (n=3)

centration of CI ointment was 9.1-fold higher than the free-jodine
concentration of Pl sugar ointment.

3.2. Water absorption property of ointment base

3.2.1. Rate of water absorption of ointment base

Franz cell for evaluation of drug release from ointments or gels
{Vlachou et al., 1992) was used for evaluating absorption ability of
ointments in this study. Amount of water absorbed into PI sugar
ointment increased in a time-dependent manner. Alter 1 h Pl sugar
ointment was almost completely dissolved. Cl ointment absorbed
water gradually and amount of water absorbed into Cl ointment
decreased in a time-dependent manner. Even after 2 h Cl ointment
retained the original form and continued to absorb water. Macrogol
ointment used as the ointment base of CI ointment exhibited sim-
ilar absorbance behaviors. Cumulative amount of water absorbed
was plotted against the square root of time (Fig. 6) as previously
described (Kawashima et al., 1993). Cumulative amount of water
absorbed to Cl ointment was well linearly related to the square root

Ri=093

Total amount of water absorbed (g)

00 T T
0 3 0

Square root of time (min®*)

Fig. 6. Total amount of water absorbed into ointments. The square root of time was

Donorcell  Silicon  Receptor cell plotted on the X axis and the total amount of water absorbed was plotted on the
membrane ¥ axis. PI sugar olntment is expressed as closed square, Cl olntment Is expressed
as open square and macrogol of Is exp d as open triangle. Remlts are
Fig.4. Proposed model for per ffi dineth h the silicon P as £5.D.(n=3).
. Please pressias: Noda, ical evaluation of cadexom
Int ]/ 10.1016/Jpharm200901007
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Table3

Water absorption characteristics of ointments.
Water absorption rate Water absarption
constant per unit area capacity per weight
(mgfem?[min®* ) =P

P sugar cintment 99 28+2

Cl cintment 153 x5

Macrogol ointment 299 5745

* Value of a slope obtained from the regression line in Fig. 6.
® Means£5.D. of values from triplicate,

of time (R? = 0.98). Water absorption rate constant per unit area was
calculated from the slope and 29.9, 15.3, and 29.9 mg/cm?/min®3
for Pl sugar ointment, Cl ointment and macrogol ointment, respec-
tively (Table 3).

3.2.2. Capacity of water absorption of ointment base

When Pl sugar ointment was placed on agar, it dissolved almost
completely within 1h. The dissolved ointment was absorbed into
the agar and absorbed water was at immeasurable level. Thus, as
to PI sugar ointment and macrogol ointment 500 mg gauze patch
was used to absorb the dissolved ointment. The water absorption
capacity per weight over 24 hwas 26+ 2, 76 £ 5and 57 +£5 (%) for P1
sugar ointment, Cl ointment and macrogol ointment, respectively
(Table 3).

4. Discussion

4.1. Reactive equivalence of iodine contained in Pl sugar ointment
and Cl ointment

Triiodide can react with L-tyrosine as a protein component and
with egg lecithin as a lipid membrane component (Li, 1942: Zanger
and Rabinowitz, 1975). In this study the reactions of Pl sugar oint-
ment and Cl ointment with L-tyrosine were reversely dependent
on iodine concentrations. C1 ointment reacted with lecithin in
an iodine concentration dependent manner, while Pl sugar oint-
ment reacted with lecithin in an iodine concentration independent
steady manner. The reaction of PI sugar ointment with L-tyrosine
became the fastest and reached completion in 1 min at an iodine
concentration of 0.01 (w/v¥) (data not shown). lodination was
investigated toward other amino acids, with which iodine was sup-
posed to react specifically on human albumin (Rosa et al., 1967).
This iodine form completely reacted with L-cysteine within 1 minat
higher iodine concentration of 0.01-0.1 (w/v%), but reacted hardly
with t-histidine at high iodine concentration of 0.1 (w/vX) for as
long as 10 h.

The optimal iodine concentration for antiseptic property was
0.01 (w/vE), suggesting that the reactivity of iodine with L-tyrosine
is closely linked to antimicrobial activity. Free-iodine concentra-
tion is independent of total iodine concentration (Berkelman et al.,
1982), suggesting that antimicrobial activity is dependent on free
but not total iodine concentration. Because substantial portion of
iodineis consumed whenitisapplied topically at low concentration
(0.01, w/v¥) to wounds, it is recommended to be used at 0.1 (w/v¥).
At this clinically relevant concentration Pl sugar ointment reacted
efficiently with L-tyrosine and less efficiently with lecithin, while Cl
ointment reacted efficiently with lecithin and less efficiently with
L-tyrosine. The amount of iodine reacted with actual wound exu-
dates in PI sugar ointment was twofold larger than the amount of
iodine reacted with wound exudates in Cl ointment, suggesting
that for Pl sugar ointment iodine is rapidly consumed by protein
component and antiseptic effect is attenuated promptly. For Cloint-
ment iodine could be gradually consumed by protein components
and antiseptic effect may sustain longer. However, as the reactivity

with lipid components may also sustain, Cl cintment may be more
cytotoxic.

The differences in reactivity at the same total iodine concentra-
tion with P! sugar ointment and Cl cintment using L-tyrosine and
lecithin could be due to the differences in free-iodine. Thus, free-
iodine concentration of supernatant fTuid of CI ointment measured
by titration with 0.01 M thiosulfate solution was 1.2 mM. As to Pl
sugar ointment determining [ree-iodine concentration was difficult
because supernatant fluid was not available. Therefore, free-iodine
concentration was indirectly estimated using the measurement of
permeability of iodine through silicon membrane (Takikawa et al.,
1978). Free-iodine concentration dissolved from CI ointment was
9.1-fold higher that the value from Pl sugar ointment and free-
iodine concentration in Pl sugar ointment was estimated to be
013 mM. These differences in free-iodine may be the major deter-
minant of differences in reactivity of two different forms of iodine
in Pl sugar ointment and Cl ointment.

4.2. Water absorption equivalence of Pl sugar ointment and CI
ointment

Measurement of water absorption rate using Franz diffusion cell
revealed that cumulative amount of water absorption in Pl sugar
ointment or macrogol ointment was linearly related to time, sug-
gesting that absorption capacity depends on the dissolution of the
base ointment. In contrast, cumulative amount of water absorp-
tion in Cl1 vintment was well linearly related to the square root of
time, suggesting that the diffusion process of dissolved macrogol
and water to macromolecular beads (cadexomer) was the rate-
determining step. Furthermore, measurement of water absorption
capacity using agarose gel revealed that the water absorption
capacity per weight over 24 h for Cl ointment was 2.9-fold higher
than that for Pl sugar cintment. The water absorption capacity per
weight over 24 h for macrogol ointment exhibited the intermediate
value, Measurement of water absorption rate using Franz diffusion
cell also revealed that after 1-h Pl sugar ointment was almost com-
pletely dissolved. Collectively, these results suggest that whether
the base ointment retains its original form or is dissolved after water
absorption plays a critical role in determining cumulative amount
of water absorbed. When PI sugar ointment and CI ointment are
clinically used for pressure ulcer, Pl sugar cintment may exhibit
transient low water absorption as the base ointment is dissolved,
while CI ointment may exhibit sustained water absorption as the
diffusion process of dissolved macrogol and water to macromolec-
ular beads is the rate-determining step.

5. Conclusion

Form consisting of P and Cl enhances healing and reduces bac-
terial contamination in a wide variety of chronic wounds, burns
and ulcers (Khan and Naqvi, 2006; Knutson et al., 1981; Nakao et
al, 2006; Ohtani et al, 2007). lodine is recommended for pres-
sure ulcer with infection and necrosis. Despite the antimicrobial
advantages obtained through its use, several potential disadvan-
tages were observed in its clinical application with different and
controversial results so that practitioners show some concerns for
topical wound treatment with forms of iodine (Balin and Pratt,
2002; Oliveira and Santos, 2007).

The results in this study suggest that these apparently con-
tradictory results are due to the differences of reactivity of two
different forms of iodine in Pl sugar ointment and Cl ointment. Fur-
thermore, water absorbing capacities of base ointments used in Pl
sugar ointment and Cl cintment are different. Thus, use of these
two ointments could lead to divergent results when they are used
for pathogenetically similar pressure ulcers.
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