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Abstract

Objectives The aim of this study was to evaluate the outcomes of the treatment of chronic periodontal disease with
an oral application of tetradecanol complex (1-TDC) in cats.

Methods The test group (n = 9) received 1-TDC (525 mg per gel capsule/day) and the placebo group (n = 4)
received olive oil (0.25 ml per gel capsule/day) for 6 weeks.

Results Oral treatment with 1-TDC resulted in significant reductions in all parameters of clinical periodontal disease
except tooth mobility at 6 weeks. The 1-TDC group exhibited a statistically significant reduction in pocket depth,
clinical attachment loss, gingival index and bleeding on probing after treatment at 6 weeks, whereas the placebo
group did not show any significant change.

Conclusions and relevance Chronic inflammation associated with periodontal diseases leads to periodontal tissue
destruction. As a result, modulation of the host response has been included in the treatment protocol for periodontal
diseases. Fatty acids present anti-inflammatory properties and are being investigated for use in the treatment and

prevention of progressive periodontal diseases.
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Introduction
Periodontal diseases are the most common oral diseases
in cats and dogs of all ages, though it is more prevalent
in older animals.!'** They refer to a group of inflamma-
tory diseases that cause extensive destruction to perio-
dontal tissues. Plaque-induced gingivitis and chronic
periodontitis are the most prevalent types. Dental plaque
bacteria are the major agents responsible for them,
mainly those considered periodontopathogens, but the
host plays an equally important role in evoking immune
responses.+10

Gingivitis is clinically characterized by redness,
swelling, bleeding and pain. If left untreated, periodontal
diseases often progress into more severe forms and
results in loss of supporting tissues, including periodontal
ligament and alveolar bone2! Increased depth of the
periodontal pocket, gingival recession, increased mobility
of the tooth, furcation exposure and, eventually, tooth
exfoliation are related to more severe presentations of
periodontal diseases.>1%13
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Despite gingivitis preceding the onset of periodonti-
tis, not all gingivitis develops into periodontitis. This
means that host susceptibility is essential for the estab-
lishment of periodontitis, and although plaque accumu-
lation is necessary, it is not sufficient by itself for the
development of periodontitis.5

Tooth resorption, the second most common dental
condition in cats has been found to be associated
with inflammatory conditions such as periodontal
diseases.!*16 It is also believed that bacterial and viral
antigens are involved in feline chronic gingivostomatitis,
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associated with either an inadequate or exaggerated host
response.*17

Severe periodontal diseases can result in the release of
bacteria, cellular degradation by-products and inflam-
matory mediators into the bloodstream, which can accel-
erate a systemic inflammatory response and increase the
risk of disease in distant organs such as the heart, kidneys
and joints, and systemic conditions such as diabetes
mellitus, osteoporosis, rheumatoid arthritis and adverse
effects on pregnancy in humans 31821

Fatty acids in the treatment of inflammatory diseases
Fatty acids are increasingly being recognized as a central
feature of many biological processes.?? They are essential
components of membrane phospholipids, serve as
ligands for immune cell receptors and many of their
derivatives are potent immunoregulators.?3*

Lipid mediators were classically linked to periodontal
disease progression due to the production of proinflam-
matory mediators, suchas prostaglandins and leukotrienes,
through the arachidonic acid cyclooxygenase/ lipoxyge-
nase pathways. However, natural pro-resolving pathways
of arachidonic acid metabolism have been discovered,
such as lipoxins, resolvins and protectins, which are capa-
ble of modulating the host response to promote resolution
of inflammation, in general, and in response to periodon-
topathogens, in particular.>62

Lipoxins are natural pro-resolving molecules derived
from endogenous fatty acids. They stimulate the resolu-
tion of inflammation and promote the restoration of
tissue homeostasis through a number of mechanisms,
such as limiting the migration of polymorphonuclear
neutrophils into sites of inflammation and modulating
macrophage activity, inhibiting the secretion of proin-
flammatory cytokines.® Lipoxin A, was described to
block interleukin (IL) 1 beta (IL-1B) and tumor necrosis
factor alpha (TNF-a) release, consequently inhibiting
leukocyte trafficking and attenuating inflammatory
reactions elicited by Porphyromonas gingivalis, reinforcing
its potential protective role in periodontal diseases.?>-28

Resolvins are products of dietary omega-3 polyunsat-
ured fatty acids (PUFAs) that also stimulate the resolution
of inflammation through multiple mechanisms. Some
studies have shown that resolvin E1 promotes resolution
of inflammatory reaction, preventing the establishment of
a chronic response after P gingivalis infection, and also
promoting the regeneration of periodontal connective tis-
sue and bone?2¢ Newly discovered properties of
resolvins show that these mediators may represent a new
family of analgesics that are useful in treating inflamma-
tion-associated pain states such as arthritic and postoper-
ative pain.?’

The benefits of dietary supplementation with omega-3
PUFAs have been proposed in many chronic inflamma-
tory diseases, in animal models and clinical human
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trials, such as type 2 diabetes, obesity, asthma, cancer,
colitis and arthritis.??-32 It is also suggested that they may
present anti-neuroinflammatory properties.3?

As fatty acids present high epithelial penetration abil-
ity, topical application has been successfully adminis-
trated for treatment in experimental periodontitis in
animal models.!13435

Monounsaturated fatty acids (MUFAs) have compa-
rable capacity with omega-3 PUFAs in suppressing pro-
inflammatory cytokines and reducing expression of cell
adhesion molecules in humans.%

Evidence from epidemiological and controlled clini-
cal studies have shown that MUFAs favorably affect a
number of risk factors for coronary heart disease, includ-
ing plasma lipids and lipoproteins, factors related to
thrombogenesis, in vitro low-density lipoprotein oxida-
tive susceptibility and insulin sensitivity in humans.34

Recently, topical application of tetradecanol complex
(TDC) was shown to restore the destructed periodontal
tissues as a result of P gingivalis-induced periodontal dis-
ease in a rabbit model of experimental periodontitis.3+3
The fatty acid complex was not only able to stop disease
progression, but also resulted in new tissue and bone ref-
ormation, suggesting the potential novel therapeutic
approach for the treatment of periodontal diseases.?®

The hypothesis of this study was that oral application
of TDC to the gingiva of the cats with moderate-to-
severe periodontal disease will reduce inflammation and
improve oral health.

The aim of this study was to evaluate the outcome of
the treatment of chronic periodontal disease with oral
application of TDC in cats.

Materials and methods
The present study was performed at the Small Animal
Clinical Sciences at the University of Saskatchewan,
Canada. The study protocol was reviewed and approved
by the Saskatchewan University Animal Research Ethics
Board prior to study initiation. Thirteen cats were selected
from the teaching and research colony of the Animal
Resources Center. All animals were of a mixed breed. All
cats were previously diagnosed with chronic periodontal
disease and were on the waiting list for dental hygiene
treatment at the Veterinary Teaching Hospital. These ani-
mals were included in previous studies at the university,
but there was a washout period of 4 months. The patients
received no drugs 4 weeks prior to the study.

All cats were kept free-housed and fed regular dry
food (Cat Chow; Purina), canned food and tap water
during the study period.

Study design

Full-mouth periodontal evaluations were performed
under general anesthesia using intravenous propofol
(4 mg/kg) and included probing pocket depth (PPD),
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gingival index (GI), clinical attachment level (CAL),
bleeding on probing (BOP), tooth mobility index (TMI)
and furcation index, as described below. No tooth resorp-
tions were found on oral clinical evaluation. No radio-
graphs were performed in this study. No periodontal
treatments such as dental scaling and polishing were
performed. Teeth measured included maxillary and
mandibular canines, upper third and fourth premolars,
lower third and fourth premolars, and lower first molars.

The animals were randomly assigned to groups. The
test group (n = 9) received 1-TDC (Elite Science; 525 mg
per gel capsule/day), and the positive control group
(n = 4) received olive oil (0.25 ml per gel capsule/day) as
a placebo. Gel capsules were squeezed into their mouth,
once daily, for 6 weeks. After 6 weeks of treatment, all
cats were anesthetized for full-mouth periodontal evalu-
ations. The study design is shown in Figure 1. All meas-
urements were performed by a single examiner (JA),
who was blinded to treatment allocations.

Periodontal measurements

All periodontal measurements performed were noted in
the dental records for each patient at day 0 and after 6
weeks of treatment.

PPD PPD was assessed by measuring the depth of
the gingival sulcus, from gingival margin to the coronal
portion of the junctional epithelium, using a double-
ended William’s and Goldman Fox periodontal probe
(GerMedUSA). Measurements were taken at six sites for
each tooth: mesial, distal, buccal/labial at two sites and
palatal/lingual at two sites. A recording of less than 1 mm
was considered indicative of a healthy gingival sulcus.

Gl The GI developed by Loe and Silness® was used: 0
(normal gingiva); 1 (mild inflammation, slight color
change and edema, no bleeding); 2 (moderate inflamma-
tion, redness, edema, bleeding on probing); 3 (severe
inflammation, marked redness and edema, ulceration,
spontaneous bleeding).

CAL CAL was assessed by measuring the distance from
the cementum—enamel junction to the coronal portion
of the junctional epithelium, using a double-ended
William’s and Goldman Fox periodontal probe
(GerMedUSA). Measurements were taken at six sites for
each tooth.

BOP BOP was recorded for each tooth as present (1) or
absent (0), 15 s upon probing.

TMI TMI, which classifies mobility from stages 0-3, was
utilized. At stage 0, there is physiologic mobility up to
0.2 mm; at stage 1 mobility is increased in any direction
other than axial over a distance of >0.2 mm and up to 0.5
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Full mouth periodontal
evaluations under
general anesthesia

Full mouth periodontal
evaluations under
general anesthesia

Begin treatment

1. Test: 1-TDC (N=9)
2. Placebo: olive oil (N=4)

Daily topical treatment applications

Baseline Six weeks

Figure 1 Study design. Thirteen cats were divided in two
groups: 1-tetradecanol complex (1-TDC) and placebo (olive
oil). Topical treatment initiated on baseline with duration of
six weeks

mm; at stage 2 mobility is increased in any direction
other than axial over a distance of >0.5 mm and up to 1.0
mm; and at stage 3 mobility is increased in any direction
than axial over a distance exceeding 1.0 mm or any axial
movement.

Furcation index The furcation index, which classifies the
furcation involvement from stages 1-3, was used. At
stage 1, furcation involvement exists when a periodontal
probe extends less than half way under the crown in any
direction of a multirooted tooth with attachment loss; at
stage 2, furcation involvement extends greater than half
way but not through and through; and at stage 3, furca-
tion exposure of a periodontal probe extends through
and through from buccal to lingual or vice versa.

Statistical analysis

The unit of measurement was tooth present in the mouth.
Each tooth was represented by a score obtained by the
measurement of PPD, GI and CAL.

The mean * SDs were calculated for each cat and
used for within-groups and between-groups compari-
sons before and after treatment.

Statistical analyses were performed using a paired
t-test for within-group analysis and Student’s t-test for
group comparisons using SPSS (IBM). The level of
significance was set at P = 0.05.

Results

Baseline parameters for both groups of cats (test and pla-
cebo) are represented in Table 1. No significant differ-
ence was found between groups at baseline with any
parameters tested. All patients presented moderate-to-
severe periodontal disease at baseline, with varying
degrees of PPD, CAL, GI, BOP and mobility.

Clinical observations
No complications or adverse effects occurred during the
study period. All cats continued their regular daily life
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Table 1 Baseline parameters of periodontal evaluations
of cats in both groups, with or without treatment with
1-tetradecanol complex (1-TDC)

Group 1-TDC Olive ol P value
group (test) (placebo)

Cats (n) 9 4

No. of teeth present 23.1 = 8.1 2518 0.5

PPD (mm) 1.0+£1.0 1.3+11 0.7

CAL (mm) 1.1+£09 1.7+x07 03

Gl 24 +04 24 =09 1.0

BOP (%) 85.8+ 159 89.8+204

Data are mean =+ SD unless otherwise indicated
PPD = periodontal pocket depth; CAL = clinical attachment level;
Gl = gingival index; BOP = bleeding on probing

3 *

25 P=0.03
2
1.5
9
0.5
1
0

Baseline 1-TDC 6 weeks 1-TDC Baseline Placebo 6 weeks Placebo

Probing Pocket Depth (mm)

-0.5
¥ Not statistically significant (p=0.12)

Figure 2 Impact of treatment with 1-tetradecanol complex
(1-TDC) and placebo within and between groups according
to probing pocket depth

with no obvious discomfort. Daily applications were
easy, quick and had no negative impact on oral tissues
or, in general, on the animals of the present study. No
discomfort or behavioral changes were noted.

Cats were very cooperative and willing to get the
daily applications, suggesting that the acceptance of
topical 1-TDC and olive oil was high.

Periodontal evaluations
Data collected from PPD measurements were compared
within the groups, from baseline to 6 weeks after treat-
ment, and between the groups, treated with 1-TDC or
olive oil (placebo), as shown in Figure 1. In the 1-TDC
group a statistically significant decrease in PPD was seen
after 6 weeks of treatment, while no statistically signifi-
cant difference was seen in the placebo group (Figure 2).

When evaluating CAL, the group receiving 1-TDC
presented a mean * SD measurement of 1.1 = 0.9 mm at
baseline, and of 0.7 mm after treatment (P = 0.05), while
the placebo group experienced a slight, but not signifi-
cant, increase in CAL (P = 0.06; Figure 3).

Statistically significant changes in GI were noted in
the 1-TDC and placebo groups. A GI of 2.4 was seen at
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Figure 3 Impact of treatment with 1-tetradecanol complex
(1-TDC) and placebo within and between groups according
to clinical attachment level

* [ P=0.05 |

88 P=0.0001
25

15

1
B [h
0

Baseline 1-TDC E weeks 1-TDC

A

Gingival Index

Baseline Placebo 6 weeks Placebo

-08

Figure 4 Impact of treatment with 1-tetradecanol complex
(1-TDC) and placebo within and between groups according
to gingival index

baseline for both the 1-TDC and placebo groups, but
after 6 weeks of treatment, cats in the 1-TDC group had
a reduced GI of 0.4 and those in the placebo group had a
GI of 2 (Figure 4). Following these observations, similar
findings in BOP were also seen within and between
groups (Figure 5).

When evaluating tooth mobility, no difference was
observed before and after application of placebo topi-
cals. There was a decrease in tooth mobility in cats in the
treatment group after treatment, but this was not statisti-
cally significant (Figure 6).

No statistically proven difference was found between
the groups at baseline with regard to any of the param-
eters tested.

All patients presented with moderate-to-severe peri-
odontal disease at baseline with varying degrees of PPD,
CAL, GI, BOP and mobility.

Although the placebo group showed slightly more
disease at baseline with respect to PPD, CAL and BOP,
the difference was not statistically significant.

Cats in the 1-TDC group exhibited a statistically sig-
nificant reduction in PPD, CAL, gingival index and BOP
on probing after treatment at 6 weeks, whereas cats in
the placebo group did not show any statistically signifi-
cant change.
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Figure 5 Impact of treatment with 1-tetradecanol complex
(1-TDC) and placebo within and between groups according
to bleeding on probing

Tooth Mobility

Ialll

Baseline 1-TDC 6 weeks 1-TDC Baseline Placebo

6 weeks Placebo

Figure 6 Impact of treatment with 1-tetradecanol complex
(1-TDC) and placebo within and between groups according
to tooth mobility index

Discussion
The pathophysiology of periodontal inflammation con-
sists of two major pathogenic mechanisms. The first is
direct toxicity of the microbiota present at the gingival
sulcus, or periodontal pockets at the periodontal tissues.
Enzymes and metabolites secreted by periodontopatho-
gens cause dysfunction or death of periodontal tissues,
such as the gingiva and periodontal ligament. The sec-
ond, which has been considered the most damaging, is
an indirect mechanism via a bacteria-modulated immune
response. Pathogens trigger host cells to release inflam-
matory cytokines and other mediators, amplifying the
immunological reaction. It results in destruction of host
periodontal tissues, including alveolar bone as collateral
damage.512

Thus, autoimmune reactivity can play a regulatory
role in tissue destruction and disease progression,
although it may vary according to the type and stage of
periodontal disease. The majority of responses seen in
periodontitis are immunological.5>”% Periodontal dis-
eases are characterized by dense accumulation of
immune cells, including polymorphonuclear neutro-
phils, T and B lymphocytes, plasma cells, mast cells,
monocytes and macrophages.340

Bacterial components and products promote the chem-
otactic attraction of neutrophils and vasodilatation, as
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well as the activation of host systems, such as the comple-
ment and kinin systems and the arachidonic acid path-
ways.” This complex immunoinflammatory response
results in severe destruction of the periodontium.”10
Chronic inflammatory diseases, such as periodontal dis-
ease and rheumatoid arthritis, present dysregulated
cytokine and immunoglobulin production at local disease
sites, associated with infiltration of T lymphocytes, mac-
rophages, neutrophils and plasma cells.!33841

IL-1, IL-6 and TNF-a play central roles in the destruc-
tion of gingival tissues, including ligament fibers and
alveolar bone in adult periodontitis. Most of these are
secreted by T lymphocytes. Both IL-1 and TNF-a acti-
vate osteoclasts, which leads to bone resorption and
inhibition of new bone synthesis.!%23

Eicosanoids such as prostaglandins (PG) and
leukotrienes are inflammatory mediators derived from
cell membrane phospholipids by the action of cyclooxy-
genase or lipoxygenase on arachidonic acid.
Lipoxygenase pathway catalyzes the formation of
hydroxyeicosatetraenoic acids, leading to the formation
of leukotrienes; and the cyclooxygenase pathway cata-
lyzes the conversion of arachidonic acid into PGs, pros-
tacyclins and thromboxanes. Inflamed gingiva
synthesizes significantly larger amounts of PGs when
incubated with arachidonic acid than does healthy gin-
giva. Many of these compounds have been implicated in
the pathogenesis of periodontal diseases, ie, PGE, and
leukotrienes (B4, C4, D4, E4), and are associated with
alveolar bone resorption.642

Management and control of dental plaque have been
the main focus of prevention and treatment of periodon-
tal diseases for many decades. At the beginning of the
twenty-first century, modulation of the host response
was included in the treatment protocol of periodontal
disease.1012

Home care is essential for prevention and control of
periodontal diseases. Many techniques and materials
have been evaluated and developed to achieve the best
possible results in the management of periodontal dis-
eases. Mechanical, chemical and immunomodulatory
agents can be used, and a combination of methods
should be recommended.

They can act at different sites involved in periodontal
disease progression, such as dental plaque, calculus, oral
microbiota and inflammatory response, achieving better
results for periodontal health.

Tooth brushing is still considered the gold-standard
technique for mechanical removal of plaque and to con-
trol inflammation.**#* Once the initiator of the cascade of
periodontal disease is controlled, inflammation can be
decreased. Dentifrices, oral rinses and gels, water addi-
tives, dental diets, treats, chew toys and dental barriers
are examples of products used for oral health
purposes. 47845
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The key to effective home treatment is compliance.
Compliance is a significant issue in veterinary medicine.
Although mechanical cleansing by frequent tooth brush-
ing is an effective means of plaque control, compliance
remains an issue. The simpler the required behavior,
the more likely it is to be performed. If the complexity of
the pet owner behavioral response is high, it is likely that
the long-term effective compliance rate is going to be
low.1145 Efficient home care is often found to be very
difficult and stressful as some cats simply do not
cooperate.

The use of anti-inflammatory medications and/or
systemic antibiotics has also been found to be useful in
conjunction with mechanical treatment.”# Although it has
been shown that long-term use of non-steroidal anti-
inflammatory drugs (NSAIDs) reduces periodontitis in
dogs, this strategy is not yet recommended as a clinically
applicable approach to managing periodontal disease
because the clinical effects of long-term use of NSAIDs have
not yet been documented in dogs, and because of the pres-
ence of the well-known side effects of this type of medica-
tion.3#” Likewise, the long-term use of antimicrobials in the
management of periodontal disease cannot be encouraged
owing to the unproven benefits and possible side effects.”

Alternative agents are being used as adjunctives to
the surgical therapies for periodontitis, such as local
antibiotic agents (doxycycline and clindamycin gels), or
are being studied, such as fatty acids, bisphosphonates
and IL-10.358

Oral treatment with 1-TDC resulted in significant
reductions in all parameters of clinical periodontal dis-
ease at 6 weeks, except tooth mobility. Compared with
the placebo group, the 1-TDC group demonstrated sig-
nificant reductions in CAL, GI and BOP on probing at 6
weeks. Mobility was dramatically reduced after treat-
ment with topical 1-TDC; however, owing to the high
variation between the groups of patients, the difference
did not reach statistical significance.

As demonstrated in rabbits, 1-TDC stopped the
progression of active periodontal inflammation and
initiated restoration of the lost periodontium.3%
However, evidence from the present study is limited to
clinical changes, as no radiographic, histopathological or
immunohistochemical analyses were performed.

Olive oil application on gingiva did not improve the
periodontal health, yet no obvious disease progression
was seen during the test period, suggesting a potential
but weak anti-inflammatory effect of olive oil (oleic acid)
on periodontal tissues, especially on gingiva, as slight
reductions in GI and BOP were seen. Similar findings
were observed in one study with experimental perio-
dontitis in rabbits, and in a further study where olive oil
was substituted by mineral oil 3%

Use of TDC results in significant improvements in
gingival and periodontal health and can be an alternative,
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safe and non-invasive therapeutic approach in cats suffer-
ing from destructive periodontal diseases.

Topical application of the oil was easily and quickly
performed, and cats were receptive and willing to get
the daily applications. The present study suggests that
the tested presentation of 1-TDC could be easily included
for a routine and effective home care, favoring the com-
pliance of both the owner and the pet.

Combining strategies is likely to be more effective
than relying on a single strategy, and modulation and
control of inflammation have been demonstrated as
essential parts of the treatment of chronic inflammatory
diseases.

Significantly less periodontal tissue destruction
occurs when the host's acquired immunity is absent or
deficient when compared with that of the immunocom-
petent host. This classic periodontal treatment protocols
were aimed at reducing the infective component and
surgical correction of the damage occurring in hard and
soft tissues. This novel approach, bringing more atten-
tion to the modification of host response and reducing
the ‘over-reactive” element, may bring hope of a cost-
effective, non-surgical, successful periodontal ther-
apy.>101223 The present study suggests that this modality
of agent should be considered for managing periodontal
diseases in cats and further studies in other species
should be developed.

As stated by Harvey,® prevention is a much more effi-
cient option for the patient, and treating periodontitis
does not make clinical sense if it is not accompanied by a
prevention strategy that is likely to be followed long
term.

Periodontal disease is not just a dental problem that
causes bad breath and tooth loss, but is also an initiator
of more severe systemic consequences.? It has been
recently posited that periodontal therapy and metabolic
control of diabetes in the early stages together can
decrease both local and systemic oxidative stress in
human diabetic patients.*

Regeneration of soft and hard tissues lost to disease is
a prominent problem in many inflammatory diseases,
including periodontitis and arthritis.?® The clinical
results of the present study in cats, and also those
observed in rabbit models, 33> could be promising in this
field, and further research should be performed.

The underlying mechanisms of action of 1-TDC is still
not elucidated and more studies are recommended.

Conclusions

Chronic inflammation associated with periodontal
diseases leads to periodontal tissue destruction.
Modulation of the host response has being included in the
treatment protocol of periodontal diseases. Fatty acids as
anti-inflammatory agents are being investigated for use in
the prevention and treatment of periodontal disease. The
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present study suggests that this treatment modality
should be considered in the management
of periodontal diseases in cats. Studies with a longer
follow-up and in other species should also be considered.
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