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Effects of Local Application of Ascorbic Acid and
Glutathione by lontophoresis on Gingival Inflammation

SUMMARY

Management of gingival inflammation is always a priority in dental
practice, regardless the possible involvement of other periodontal tissues.
Besides the use of systemic medical therapy, such as antibiotics, vitamins are
also recommended as a complementary therapy. Nutritional vitamin intake
has been proven effective on gingival inflammation. The aim of this study
was to evaluate the effects of local application of glutathione and ascorbic
acid by iontophoresis on gingival tissue inflammation.

60 patients with periodontal disease were divided into 2 groups: the
control group was treated by conservative treatment of periodontal disease
only, and the study group was treated by ascorbic and glutathione, applied
with iontophoresis in 10 sessions, besides conservative treatment. Values for
gingival inflammation and gingival bleeding on probing were noted.

The obtained results showed significant differences for both gingival
inflammation and gingival bleeding between the examined groups, with
significant decrease in index values for gingival bleeding after 3 months in
the study group.
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Introduction

Managing gingival inflammation is one of the first
challenges that every peridontologist faces, no matter if
the process is located only in the gingival tissue, or severe
periodontal destruction had taken place. Furthermore,
control of infection and gingival inflammation is
necessary regardless the following course of periodontal
therapy, conservative or surgical. Keeping inflammation
under control is even more important in the maintenance
period.

The methods used for dealing with gingival
inflammation are various, such as: removal of local
irritations, training the patients to maintain optimal plaque
control, and applying different kinds of medication.
Besides the antibiotic therapy, which in certain cases is
applied, for control of inflammation and creating better
conditions for managing microorganism challenge,
vitamins are often used as a supplemental therapy. The
effects of vitamins on the gingival tissue are confirmed

when taken in natural forms, like fruits and vegetables®*.
Receiving vitamins as supplements in a chemical way
(pills, tablets), according to our previous examinations!®
did not show measurable results.

Therefore the aim of this study was to verify the
effects, if any, of topical appliance of ascorbic acid and
glutathione delivered by iontophoresis in the gingival
tissue, on gingival inflammation.

Material and Methods

For realization of our goal 60 patients with
periodontal disease, randomly selected, participated in the
study. The selected patients met the following criteria:

e None of the patients had attachment lost on probing

greater then 5 mm;

e None of the patients had any systematic disease, or
was receiving any drugs;
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e All patients had forefeel the conditions for
iontophoresis  (patients with heart disease and
pregnant women were excluded from the study);

e All patients were between 35 and 45 years of age;

e All patients, according to their history, brushed their
teeth twice a day and occasionally used additional
products for inter-dental cleaning.

e Patients were separated in 2 different groups, 30
patients each:

e The control group, treated only with conservative
treatment;

e The study group, treated by iontophoresis with
ascorbic acid and glutathione beside the conservative
treatment.

Ascorbic acid was applied by all standard procedu-
res, depending on the individual patients’ sensitivity of
current strength and the transportability of molecules of
the applied solution. After a 30 min break, to each patient
of the study group, glutathione was applied as solution on
the electrodes covered with sterile gaze soaked in solution
of distilled water and 0.9% NaCl. The iontophoresis of
glutathione was performed from the active electrode
with negative charge for a period of 15 minutes. Both
glutathione and ascorbic acid were applied every day
during period of 10 days.

All patients were trained to maintain oral hygiene
and were called 3 months later for a control visit.

Gingival inflammation and gingival bleeding were
noted according to the criteria proposed by Silness and
Loe??, for each patient on his/her first visit, after the
treatment, and on the recall visit after 3 months. Data
were statistically processed by the computer programme
Statistics 5.

Results

After processing the data we gained the following
results: both groups expressed excellent results during
therapy according to the given criteria. The control group
had a significant decrease of gingival inflammation index
and gingival bleeding after initial therapy: inflammation
went from 2.46 to 0.83 and gingival bleeding from 2.76
to 1.56. However, on the control visit after 3 months,
gingival inflammation was 1.40, while gingival bleeding
was almost at the start point (Tabs. 1 and 2).

Table 1. Average index values for gingival inflammation for the
control group

X Sd Se t p
Before therapy 2.46
After therapy 0.83 0.80 0.11 11.06 <0.001
3 months after therapy 1.40 0.86 0.09 6.71 <0.001

Table 2. Average index values for gingival bleeding for the
control group

X Sd Se t p
Before therapy 2.76
After therapy 156 055 011 11.39 <0.001

3 months after therapy 2.20 0.72 0.09 4.26 <0.001

The study group also had a significant decrease
of gingival inflammation and gingival bleeding after
the performed therapy (inflammation went from 2.30
to 0.93 and gingival bleeding went from 2.66 to 0.77).
Nevertheless, the index values after the 3-month period
showed bigger stability for the study group compared with
the control group (Tabs. 3 and 4).

Table 3. Average index values for gingival inflammation for the
study group

X Sd Se t p

Before therapy 2.30
After therapy 093 061 011 12.17 <0.001
3 months after therapy 1.01 0.70 0.09 10.30 <0.001

Table 4. Average index values for gingival bleeding for the
examined group

X Sd Se t p

Before therapy 2.66
After therapy 0.70 066 0.11 16.10 <0.001
3 months after therapy 0.86 0.61 0.09 16.15 <0.001

Discussion

The general idea of our study was to administrate
ascorbic acid and glutathione directly in gingival
tissue in order to accomplish favourable ratio between
over-generated reactive oxygen species (ROS) and
antioxidants. ROS are highly reactive molecules which
in their last electron circle have the ability to gain or
lose 1 electron. This kind of structure makes them
highly unstable, so they persist only a very short period
of time (a nanosecond or less). Even so, they can cause
serious damages on the cellular level. They are taught to
be responsible for autoimmune diseases, atherosclerotic
changes and cancerous growth.

Once created, ROS can interact among themselves,
which is most preferred outcome, yet less likely to
happen considering their brief life time. As long as the
production of ROS is in physiological range, the organism
ties them up in order to make them stable. But when
their production is increased or when the antioxidant
system is exhausted, then the increased presence of ROS
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start a chain reaction of creating more free radicals, even
more reactive and damageable from the initial one. The
chain reaction will run until the one of the antioxidant
mechanisms stops it.

ROS production is inevitable in all aerobic
organisms, including humans, who necessarily posses a
complex system of antioxidant defence®2L. If homeostasis
is interrupted in favour of ROS, an oxidative stress
situation is created?l. Oxidative stress processes and
alterations in the immune system are closely related and
have been described in different diseases, thus both the
aspects also seem to be linked to the pathogenesis of
periodontal disease, and can also be detected in plasma
of patients with periodontal disease®'6:2. However, the
extent to which ROS over-generation influences the
initiation and progression of periodontal diseases is still
unknown.

The strong evidence linking ROS to the pathological
destruction of the connective tissue during periodontal
disease rests on the presence of neutrophil infiltration
as the main event in the host's response to bacterial
invasion21019 The hydroxyl radical is able to initiate
a classical chain reaction, known as lipid peroxidation,
leading to vasodilatation and rat bone reabsorption8. An
example of the damage caused by hydrogen peroxide is
stimulation of phosphorylation of the NFkB-kB complex,
activating the NK-kB and facilitating nuclear translocation
and downstream of pro-inflammatory cytokines, including
IL-2, IL-6, IL-8, B-interferon and TNF-q, that are very
important in the pathogenesis of periodontal disease®.

Experiments concerning the effects of ROS
are generally focused on the effects of gingival
inflammation. Such experiments, conducted on lab
animals treated with pesticides, and given food with
lowered elementary antioxidant, showed desquamation
of the epithelium, swelling, elasticity loose and breaking
of the collagen, bone resorption and lowered speed of C
prolin incorporation, thickening of the blood vessels and
thrombosis with all it’s consequences®. On the contrary, in
another study, the lab animals were treated with ascorbic
acid, tocopherol and biophlavonides. In this experiment,
less inflammatory-destructive process was noticed*2.

Mentioned data raises the questions on developing
pharmaco-prophylactic measures with bio antioxidants
and other bio-regulatives as an addition to the primary and
preventive treatment of periodontal disease.

The chain of inhibition of ROS: glutathione
- ascorbic acid - tocopherol, with transportation of
electrons from pironucleotides (NAD NADF) towards
ROS, guarantees permanent low level of free radicals in
the cells. Applying glutathione at periodontal disease has
proven to be effective in the early stages of the disease.
Beside glutathione, other antioxidants can be used with
good results such as: tocopherol or ascorbic acid'?13,

Glutathione (GSH) is a tripeptide of glutamine,
glycine, and cysteine. It is not an essential nutrient, since

it can be synthesized in the body from the amino acids
L-cysteine, L-glutamic acid, and glycine, and acts directly
as a generic ROS scavenger of the so-called Phase Il
reactions'’. GSH has multiple functions: it is the major
endogenous antioxidant produced by cells, participating
directly in neutralization of free radicals and reactive
oxygen compounds, as well as maintaining exogenous
antioxidants, such as vitamins C and E, in their reduced
active forms?. It is used in metabolic and biochemical
reactions, such as DNA synthesis and repair, protein
synthesis, prostaglandin synthesis, amino acid transport,
and enzyme activation.

Some periodonto-pathogenic  bacteria  deplete
GSH, and this may explain why the amount of this
antioxidant was not elevated in the gingival tissue of
patients with periodontal disease®21°. A similar result
was obtained in gingival tissue and blood, and lower
levels of GSH were detected in the crevicular gingival
fluid of patients with chronic periodontal disease, when
compared to normal subjects™2. Systemic depletion of
antioxidants clearly indicates that in chronic periodontal
disease the antioxidant system is affected by a relatively
strong oxidation insult, which can deplete nutritional
antioxidants, such as vitamin E and C in plasma, and also
vitamin E in red cell membrane?.

According to the literature data on the positive effect
of this kind of additional therapy with vitamins, and in
our previous studies, we confirmed that individuals which
on regular daily base use citrus and citrus like fruits have
less gingival inflammation and gingival bleeding from
those who never use it, or use it occasionally. But in
our further studies we got to the conclusion that if the
vitamins are received chemically (as pills) the significant
results were not achieved?®.

In order to be able to get better topic apply of
antioxidants, directly in the gingival tissue, we decided to
use permeability of the oral mucosa and enhance the drug
appliance by electric current using iontophoresis. The
permeability barrier in oral mucosa is believed to be the
result of intercellular material derived from the so-called
‘membrane coating granules’ (MCG)8. MCG start forming
through cell differentiation and at the apical cell surfaces
they fuse with plasma membrane. This barrier is present in
the outermost 200 pm of the superficial layer. Permeation
studies have been performed using a number of very large
molecular weight tracers, such as horseradish peroxidase
and lanthanum nitrate®. After being applied to the outer
surface of the epithelium, these tracers penetrate only
through outermost layer of cells. When applied to the
submucosal surface, they permeate up to the top cell
layers of the epithelium. While the basement membrane
may present some resistance to permeation, the outer
epithelium is considered to be the rate limiting step to
mucosal penetration®?,

There are 2 permeation pathways for passive
drug transport across the oral mucosa: paracellular
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and transcellular routes*. These 2 routes can be used
simultaneously, but 1 route is usually preferred over the
other, depending on the physicochemical properties of
the drug. Since the intercellular spaces and cytoplasm
are hydrophilic in character, lipophilic compounds
would have low solubility in this environment. The cell
membrane is lipophilic in nature and hydrophilic solutions
will have difficulty permeating?.

lontophoresis is a procedure based on the use of
galvanic electricity and provides easy, fast and effective
absorption of different kinds of substances in the tissue.
lontophoresis accomplishes faster metabolism of cells
by movement of ions in the bodily fluids and opening on
canals in the cell’s membrane which create possibilities
for easer absorption of different liquid substances in
the tissue. lontophoresis enhances drug delivery by 3
mechanisms: ion-electric field interaction provides an
additional force that drives ions through the tissue, the
flow of electric current increases the permeability of
the mucosa, and electro-osmosis produces bulk motion
of solvent that carries ions or neutral species with the
solvent stream. Electro-osmotic flow occurs in a variety
of membranes and is in the same direction as the flow of
counter-ions. It may assist or hinder drug transport!8.23,

lontophoresis can also enhance mucosa delivery by
a possibly dependant pore formation in the upper stratum
cell layer, attributed to a “flip-flop” gating mechanism that
occurs due to restructuring of the polypeptide helices on
application of electric current. lontophoretic transport is
capable of producing a 100 fold enhancement relative to
passive diffusion”-23,

The achieved effects from our study were expected.
Inflammation and gingival bleeding showed significant
decrease of the average index values for both groups
after the therapy without noticeable difference between
the groups. Noticeable data were achieved for the
average index value for gingival bleeding after 3 months
had passed. Since our study design didn’t include
methods of tracing the given medicaments into the
tissue, the concentration they achieve and length of their
permeability, the prolonged improvement of clinical
parameters may convince us that we had created better
host environment.

It is worth mentioning that during our study same
problems occurred. Convincing the patients from the
study group to undertake the procedure was an issue,
since applied at the way we did the procedure, it was
rather time consuming for both patient and doctor. So
further work might be focused towards developing a
hydro-gel containing these or some other drugs and, using
iontophoretic enhancers, the time of appliance could be
shortened.

Discoloration of the mucosa did not appear in any of
the patients, since both agents are used in dermatology as
blanching agents.

The achieved results of this study speak in favour of
applying ascorbic acid and glutathione by iontophoresis
in everyday clinical practice, especially for a long term
maintenance on once achieved results of periodontal
therapy.
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