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ABSTRACT

Introduction: Folic acid is a water-soluble vitamin, its supplementation is
able to scavenge free radicals very efficiently, and decreases the expression
of cytokines. Periodontal disease especially gingivitis is one of the most
prevalent oral diseases in the world. That high prevalence urged the
researchers to study the effects of many drugs or supplements on the
gingival inflammation that improves the case with least side effects, more
availability in the markets and has a high bioavailability.

Aims: This thesis aims to study the effects of folic acid on chronic
gingivitis and to evaluate its effect on the tumor necrosis factor-o (TNF-a)
and interleukin-6 (IL-6) in their saliva. Also, to investigate the antioxidant
effects of folic acid on the oral health and to evaluate its effect on the total
salivary proteins.

Materials and Methods: This study is a randomized clinical trial, carried
out on 40 subjects diagnosed as chronic gingivitis patients, aged (20-40)
years old. They were divided into two groups, twenty for each.Treatment
group received 1 mg oral tablet of folic acid once daily for 42 days. Control
group did not receive any drug. Scaling and polishing were accomplished
for each participant before starting the study. At the next day (the 1* day of
study); plaque, gingival, oral hygiene, and calculus indices scores for the
two groups were measured, then at day 21% and 42™ of the study. At those
three visits, saliva samples were collected for salivary 1L-6, TNF-a, total
antioxidant capacity (TAC) and total salivary proteins (TP) measurements.
One-way Analysis of Variance test (ANOVA-test), Tukey's Pair-wise
comparisons and Dependent t-test of two means (paired) was applied for

statistic results. p value was < 0.05.
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Results: The treatment group consisted of 11 females (55%) and 9 males
(45%), the mean of age of patients was 28.2 £ 5.72 years, while the control
group consisted of 9 females (45%) and 11 males (55%), the mean of age
was 28.9 + 7.05 years with no significant differences between their gender.
The results showed that there is a significant difference between means of
treatment and control group in PI at 21% day of the study. There is a
significant difference in mean of CI between 1% day and the 21* day of the
study, while there is no significant difference in means of the other oral
health scores during all the study period. Moreover, there is a significant
difference between means of treatment group and control group in TNF-a
at 21" and 42™ day. In the treatment group there is a significant increase in
mean of salivary TAC level during all study period. Conclusions: The use
of folic acid supplements could improve the oral health and help in the
treatment of gingivitis by increasing the salivary TAC and decreasing the

salivary TNF-a.
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INTRODUCTION

Periodontal disease, including gingivitis and periodontitis, could be the
most common disease of the world (Tonetti et al., 2017; Akram et al., 2020).
Gingivitis is a reversible disease. In gingivitis, gum becomes red, swollen and
bleed easily while touching, brushing or sometimes spontaneous gum bleeding
happens and there is no bone or tissue loss, so it is important to treat gingivitis
as early as possible to prevent the periodontitis (Akram et al., 2020), which is
an oral inflammatory disorder results in the periodontal tissue damage and loss
as a result of the complex interactions between host's immune mediators and
many oral pathogenic bacteria (Hartenbach et al., 2020). The early stages of
periodontal disease are often without symptoms, and most affected patients do

not visit a dentist.

The “silent” nature of the early stages of the disease, and the low
awareness of periodontal health, leads many patients to seek a professional
care for the advanced disease through periodontal therapy protocol when
available (Jin, 2015). One of the suggested hypotheses to describe the potential
mechanism responsible for periodontal disease could be oxidative stress-

mediated inflammatory pathways (Kharaeva et al., 2020).

Oxidative stress is a phenomenon of increase in the production of free
radicals (oxidants) and/or a decrease in the production of protective
antioxidants in the tissue. Free radicals are classified as reactive oxygen
species (ROS) and reactive nitrogen species (RNS) and both possess unpaired
electrons. ROS include superoxide anion, hydroxyl radicals, peroxyl radicals,
alkoxyl radicals, hydrogen peroxide and singlet oxygen, while RNS include
nitric oxide, nitric dioxide and peroxynitrite (E1-Bahr, 2013).

ROS are naturally produced oxidants involved in many cellular

biochemical events that are essential to life, but they are capable of causing
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harmful oxidative stress when overproduced or imbalanced with antioxidants

(Zhang et al., 2019).

Free radicals always cause damage to all essential bio-compounds such
as DNA, proteins, and cell membrane lipids, thereby causing cell death. The
antioxidants are exists in two main groups: enzymatic (glutathione peroxidase,
catalase myeloperoxidase, and superoxide dismutase) and non-enzymatic
(minerals, vitamins, polyphenols, and thiols) (Pisoschi and Pop, 2015; Inan,
2019). A loss of normal balance between oxidants and antioxidants can cause
damage in the periodontal tissues by variety of damaging mechanisms
including lipid membranes peroxidation, protein inactivation and stimulation
of cytokines overproduction (Kharaeva et al, 2020). So, the important
function of the antioxidants is to serve as a guard for oral cavity against

harmful effects of endogenous and exogenous ROS/RNS.

It also able to stimulate the infiltration of pro-inflammatory cytokines as
interleukin-6 (IL-6), and tumor necrosis factor-o (TNF-a) that participate as
integral part of periodontal disease pathogenesis (Naiff et al., 2020). These
inflammatory cytokines are detectable in the oral fluids (Miller et al., 2010 ;
Belstrom et al., 2017). Saliva is an easily collectable oral biologic fluid that
contains number of essential proteins that are produced locally or emerged
from the vascular beds in the gingival tissues (Hartenbach ez al., 2020). Also,
the use of saliva to measure oxidative stress (OS) is increasing (Buczko ef al.,
2015), since researchers have been proved that saliva contains antioxidative
biomarkers (Ho et al., 2013; de Almeida et al., 2016 ; Madi et al., 2016;
Ahmadi-Motamayel et al., 2017).

Elevated concentrations of salivary total proteins (TP), IL-6, IL-8 and
TNF-a have been reported as associated with gingivitis (Wu et al., 2007; Lee
etal.,2012).
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Folic acid is a water-soluble hemocytopoietic vitamin, it belongs to the
vitamin B group (B9), it is oxidized form of folate (the naturally occurring
form) and has a higher bioavailability and stability than folate (Batra et al.,
2020). It cannot be synthesized in the body, but can be obtained from food.
Folic acid is itself inactive, it is converted in-vivo into the biologically active
coenzyme, tetrahydrofolic acid (THF), which is essential factor in the
biosynthesis of nucleic acid and methylation reactions as a methyl donor and

therefore in cell division (Batra et al., 2020).

Folic acid has been associated with a number of health benefits ranging
from the reduction of neural tube defects to the prevention of several types of
cancer, cardiovascular disease, and dementia (Qu et al., 2019). Folic acid
supplementation is responsible for significant reduction in inflammation
(Thomson and Pack, 1982; Pack, 1984) by scavenging free radicals very
efficiently and serving as redox regulator (Joshi ef al., 2001). It is able to
decrease the expression of cytokines (Hayden et al., 2006). It has been
reported that low folate level in serum is associated with the periodontal

disease in non-institutionalized older adults (Yu et al., 2007).

This study focused on the effect of folic acid supplementation on the oral
health and it hypothesized that folic acid supplementation might be associated

with gingival inflammation improvement.
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AIMS OF THE STUDY

The current study aims to :

1- Investigate the effects of systemic treatment with folic acid on the
plaque index, gingival index oral health index, and calculus index of

patients with chronic gingivitis compared to control group.

2- Evaluate the effects of systemic treatment with folic acid on the
concentration of interleukin-6 and tumor necrosis factor-a in the saliva

of patients with chronic gingivitis compared to the control group.

3- Assay the effect of systemic treatment with folic acid on total
antioxidant capacity in saliva of patients with chronic gingivitis

compared to control group.

4- Assay the effect of the systemic treatment with folic acid on the total
salivary proteins of patients with chronic gingivitis compared to the

control group.

5- Study correlations between all these parameters.
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CHAPTER TWO
REVIEW OF LITERATURES

2.1 : Vitamins Overview

Vitamins are organic molecules, they are considered as catalysts for
all metabolic reactions, using proteins, fats and carbohydrates for energy,
growth and cell maintenance. As only small amounts of these essential
substances are obtained from food, vitamins are often administered though
food supplements. Fat soluble vitamins such as A, D, E and K can be stored
in the liver and fat tissues, while water-soluble vitamins as B and C are
expelled from the body in a short period since the human body is not

capable of storing these vitamins (Cagetti et al., 2020).

Vitamin B refers to eight different vitamins. The B vitamin group
includes the B1 (Thiamine), B2 (Riboflavin), B3 (Niacin), B5 (Pantothenic
acid), B6 (Pyridoxine), B7 (Biotin), B9 (Folate) and finally B12
(Cobalamin) (Khaneghah et al., 2019).

2.2 : Folic Acid

Folic acid is a synthetic form or the oxidized form of the folate, also
it is called pteroylglutamic acid or vitamin B9. Folic acid is the form
primarily used as supplementation, due to its economical synthesis and
good bioavailability (Tsuji and Shibata, 2019). It is formed by the some
plants, microorganisms, it can also be found in human and animals body

like bone marrow and liver (Ruengsitagoon and Hattanat, 2012).

Folic acid is more stable than folate, which is highly labile and
sensitive to oxidation. Folic acid supplements may be administered in

various forms, such as oral drops, tablets, intravenous injection. In addition,
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folic acid may be added to the foods as fortification of grains and cereals

(Wien et al., 2012; Wald et al., 2020).

2.2.1 : History of Folic Acid

During 1920s, scientists thought that both folic acid deficiency
(FAD) and anemia were similar disorder. Lucy Wills, a researcher who
made an inspections that identify folate as a nutrient had a role in
preventing anemia for the period of pregnancy. Wills, discovered that
anemic patients could be returned to normal condition by using type of
yeast named brewer's yeast (Hillman, 2010). Folate was isolated for the
first time in 1941, through spinach leaves extraction by group of
researchers. In 1943, the pure crystalline form was isolated by Stokstad B,
who determined its chemical structure (Hoffbrand and Weir, 2001). This
history of folic acid since 1945, was prepared by the teamwork named the
"folic acid boys," (Augieb et al., 1945). Then, this led to the production of
the antifolate drug called Aminopterin, which considered as first novel drug
with approved clinical anticancer efficacy by Farber in 1948. Between
1950s and 1960s, researchers started to find out folate mechanisms of
action. At 1960, scientists started for first time to interrelated FAD to the
neural tube defects (Lanska, 2010).

In the late 1990s, scientists and experts understood, in spite of the
accessibility of folate from food and supplements, a challenge that was still
present for the population to reach their sufficient daily needs (Crandall et
al., 1998; Malinow et al., 1998). Food fortification program with folate was
considered firstly in 1996 in US then implemented in many countries

worldwide (Wald et al., 2020).
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2.2.2 : Chemistry of Folic Acid

2.2.2.1 : Chemical Properties of Folic Acid

A yellow, yellow-brownish, or yellowish orange, almost odorless,
tasteless, crystalline powder. It is very slightly soluble in water; insoluble
in alcohol, acetone, chloroform, and ether. It rapidly dissolves in the dilute
solutions of alkali hydroxides and carbonates (Sean et al, 2009).
Folic acid solutions should be protected from light because they decompose
rapidly in the presence of light (Gerald, 2005). A suspension of 1 g of folic
acid in 10 ml of water has a pH of 4.0 - 4.8 (O'Neil et al., 2001).

2.2.2.2 : Chemical Structure of Folic Acid

The parent chemical structure of folic acid consists of an aromatic
pteridine ring linked by a methylene bridge to paraaminobenzoic acid
(PABA), which in turn is bound to glutamic acid by a peptide bond (Blom
et al., 2006). The chemical formula of folic acid (pteroylglutamic acid) is
C19H9N;Og as illustrated in figure (2.1).

Monohepta-
Pteroyl glutamate

| 1

0 " ?ODH
NwCHF—NH©—CO—NH—?H
HENJJ\N N GH

CO—NH—X—7

Figure (2.1): Chemical Structure of Folic Acid

(Laurence and Brunton, 2010).
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2.2.3 : Mechanism of Action

Folic acid, is biochemically inactive. So it converted to
tetrahydrofolate (THF) and methyltetrahydrofolate (MTHF) by
dihydrofolate reductase enzyme (DHFR). These folic acid derivatives are
transported across cells by receptor-mediated endocytosis process, where
they are required to maintain the normal red blood cells generation,
methylate tRNA, metabolism of amino acids such as glycine and
methionine, synthesize purine and thymidylate nucleic acids which are
required for mitochondrial and cytosolic adenosine triphosphate (ATP)

generation (Crider ef al., 2012; Iscan et al., 2019).
2.2.4 : Pharmacokinetics

Unaltered folic acid dissolved in gastric HCI readily and completely
absorbed in proximal jejunum (Mason, 1990). Alterations in the intestinal
pH by achlorhydria or pancreatic insufficiency can alter the rate and extent
of folate absorption (Russell et al. 1979;1986). Folate-mediated one-carbon
metabolism. Dietary folic acid is metabolized to tetrahydrofolate, which is
then activated with a one-carbon unit to form 10-formyltetrahydrofolate,
5,10-methylenetetrahydrofolate, and 5-methyltetrahydrofolate (figure 2.2).
Each of these folate cofactors supports a biosynthetic pathway for the
synthesis of purines and thymidylate and the remethylation of

homocysteine to methionine.

Synthesis of methionine requires 5-methyltetrahydrofolate and
vitamin B12. Folic acid is converted to dihydrofolate and then
tetrahydrofolate by dihydrofolate reductase, which is dependent on
NADPH. (Field and Stover, 2018). Folic acid supplementation is almost
100% bioavailable especially when administered before meal because food

in stomach decreases this percentage to about 85%. The naturally occurring
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folate in food bioavailability is lower than synthetic form (Caudill, 2010;
Alpers, 2016).

Dietary
Folate
g 1 DHF | THF ]
(Dihydrofolate) DHFR (Tetrahydrofolate) s methylene THF
"~ Folic 'AF'JFR
Acid
MTHFR
v
5-MTHF

(L-Methylfolate)

DHFR: Dihydrofolate reductase
MTHFR: Methylene tetrahydrofolate reductase

Figure (2.2) : Folic Acid Biotransformation (Von, 2019).

Approximately two-thirds of folate is bound to plasma protein.
(Hendler and Rorvik, 2001). After 6 hours a majority of the folate
metabolic products appeared in the urine and excretion is generally
completed within 24 hours. Only Small amounts of folic acid have also
been recovered in the feces. Folic acid is also found in the milk of nursing

mothers (Hendler and Rorvik, 2001; Page et al., 2017).
2.2.5 : Clinical Uses

1. Neural Tube Defects (NTDs)

In pregnant women, the FAD could be associated with NTDs
occurrences (Petersen et al.,, 2019). They include spina bifida
encephalocele and anencephaly, usually due to the incomplete closure of
neural tube during first trimester of pregnancy (Al-Mashhadane et al.,
2018). NTDs are unique in that more than two-thirds of cases can be
prevented by a regular ingestion of safe dose of folic acid prior to and

during the first trimester of pregnancy (Bortolus et al., 2014).
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2. Megaloblastic Anemia
Folate deficiency defined as a low level of folate and their derivatives in
the body. It develops in weeks to months in persons with folate-deficient
diets. It is characterized by the appearance of large-sized, abnormal red
blood cells (megaloblasts). These cells proliferate rapidly. Most of the
serum folate is present in 5-methyltetrahydrofolate form. Upon entering
cells, 5-methyl THFA demethylates to THFA, the biologically active form

involved in the folate-dependent enzymatic reactions.

B12 serves as a co-factor for this demethylation to occur, and in its
absence, folate is trapped inside the cells as 5-methyl THFA. THFA is
involved in the purine and pyrimidine synthesis, nucleoprotein synthesis
and maintenance in erythropoiesis. Simple blood smear of an individual
with a folate deficiency will reveal erythrocyte macrocytosis, decrease in
hemoglobin and hyper-segmented polymorphonuclear cells (PMNs)
(Merrell and McMurry, 2020).

This abnormal morphology is a result of impaired DNA synthesis,
which causes precursor cells in the bone marrow to have nuclei that are
immature relative to their cytoplasm. Patients being evaluated for the FAD
should also be evaluated for vitamin B12 deficiency as both cause
macrocytic anemia. All patients with folate deficiency should be offered
supplemental folic acid in addition to vitamin B12 for the correction of the
condition (Tamparo, 2011; Gupta, 2017; Khan and lJialal, 2019).
3. Fertility

Many studies had demonstrated that women receiving folic acid
supplementation had a better quality oocytes and a higher degree of mature
oocytes compared to women who did not receive folic acid
supplementation (Ebisch et al., 2006). In immature super-ovulated rats,

deficiency of folates partially inhibit ovulation (Willmott et al, 1968).
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Studies highlight the importance of B-vitamin status in spermatogenesis in
humans. They suggest that the low folate concentrations in the

microenvironment of spermatozoa may affect on sperm DNA stability.

Folate may affect spermatogenesis through DNA methylation and
subsequent regulation of DNA function, in addition to its contribution to
DNA replication through purine biosynthesis (Boxmeer et al., 2009;
Schisterman et al., 2020).

4. Cerebrovascular and Coronary Arterial Diseases
Evidence reported from numerous clinical studies over the past
decade has revealed an association between increased plasma Hcy
concentrations and cardiovascular disease (CVD), peripheral vascular,
cerebrovascular and coronary arterial diseases. Folic acid supplementation
can lower plasma Hcy concentrations (Fratoni et al., 2015).

Furthermore, folic acid can reverse endothelial dysfunction observed in
patients with CVD (Daly et al., 2002). One study has been indicated that a
10% lower risk of stroke and a 4% lower risk of overall CVD patients
which treated with folic acid supplementation (Li ef al., 2016).

2.2.6 : Drug - Drug Interactions

There are number of drugs that affect with the biosynthesis of THF
from folic acid. Among them are the dihydrofolate reductase inhibitors
such as trimethoprim, pyrimethamine and methotrexate (MTX) (Gonen and
Assaraf, 2012).

folic acid reduces phenytoin, carbamazepine and phenobarbital
levels thus increasing the episodes of seizures in dose of 10 mg/day by

increasing their metabolism (Steinweg and Bentley, 2005).



Chapter Two Review of Literatures

2.2.7 : Folic Acid Toxicity

Folic acid toxicity is rare, in case of ingestion of 15 mg once daily
for 1 month the patient exhibit gastrointestinal disturbances, anorexia,
nausea, abdominal distension and discomfort, flatulence, bad or bitter taste
which impaired normal taste, altered sleep patterns, varying degrees of
insomnia either waking intermittently throughout the night, malaise,
irritability, overactive and excitable mild confusion, and increasing

difficulty in concentrating.

After discontinuing the drug the majority of those symptoms
improved rapidly, patient regaine normal sleep and dream patterns within a
week, gastrointestinal symptoms subsided in the second week but normal
mental function was not fully restored in all until the end of the third week

(Hunter ef al., 1970).
2.3: Saliva

2.3.1: Definition

Saliva is the extracellular fluid produced and secreted by numerous
salivary glands in the mouth. The presence of saliva is essential for the
maintenance of both, oral healthy hard (teeth) and soft (mucosa) tissues.
Saliva serves as a diagnostic fluid, and as an indicator of risk for diseases

creating a close relation between oral and systemic health (Francois et al.,

2019).

It has been used to reflect the body physiological and pathological
changes as a mirror. It is easily available for non-invasive collection and
analysis in compares with blood. It also can be used to observe the
presence and levels of drugs, antibodies, hormones, microorganisms and

ions (Edgar et al., 2012).
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2.3.2 : Saliva Secretion and Composition

In a healthy human, the daily secretion of mixed saliva (whole saliva)
usually ranges from 0.5 to 1.5 L depending on diurenal variation and
season. Approximately 90% of mixed saliva is produced by major salivary
glands and the residual 10% is derived from minor salivary glands (labial,
lingual, buccal and palatal mucosa) which dispersed in the oral mucosa
(Zhang et al., 2016).

Salivary fluid is an exocrine secretion, it releases from both serous
and mucous acinar cells. The parotid gland has serous type that produces
watery thin saliva and loaded by amylase enzyme. The submandibular
gland contains serous and mucous acinar cells and forms a more viscous
saliva and rich in mucin. The sublingual gland has mucous acinar cells and
also secrets a viscous and mucin-rich saliva. The minor salivary glands

mainly are mixed glands. (Nizamuddin et al., 2018)

Salivary secretion is controlled by the sympathetic and
parasympathetic autonomic nervous systems. Parasympathetic stimulation
typically evokes the release of high-flow, low-protein serous secretions,
while sympathetic stimulation leads to the release of low-flow, high-protein

mucinous secretions (Kubala ef al., 2018).

Saliva consists of water, variety of electrolytes (sodium, potassium,
chloride, calcium, phosphate, magnesium, bicarbonate) and mucosal
glycoproteins, traces of albumin and some polypeptides and oligopeptides
that have many benefits to oral health. There are also glucose and
nitrogenous substances, such as urea and ammonia (Zhang et al., 2016).
Those constituents interact and are responsible for the various functions
associated with saliva in the following areas: (1) bicarbonates, phosphates,

and urea serve as saliva buffering capacity which maintain normal pH of
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saliva between 6.6 to 7.2; (2) proteins and mucins act to clear, aggregate,
and/or attach oral microorganisms; (3) calcium, phosphate, and proteins
work together to control demineralization and remineralization; and (4)

immunoglobulins, proteins, and enzymes produce antibacterial action

(Humphrey and Williamson, 2001; Kubala et al., 2018).

Unstimulated whole saliva often correlates to the systemic clinical
conditions more accurately than stimulated saliva, since materials use to

stimulate flow may change salivary composition (Williamson ef al., 2012).

2.3.3 : Functions of Saliva
Saliva has numerous vital functions. Saliva, as a digestive fluid, is
secreted in response to the stimulation by food. It also acts as a solvent for
tasting materials, protection of oral hard and soft tissues from infections,

and aids speech (Mese and Matsuo, 2007; Kubala et al., 2018).
2.3.4 : Types of Saliva
2.3.4.1 : Unstimulated Saliva
Unstimulated saliva or named mixed saliva is the mixture of
secretions produced in the mouth in the absence of exogenous stimuli such

as tastings, chewing, smelling and thinking.

It consists of secretions from major, and minor salivary glands,
gingival crevicular fluid (GCF), bacteria, desquamated epithelial cells , and
occasionally food residues, blood, and viruses. Unstimulated saliva is
possibly collected with the person sitting quietly, the head down and mouth
opened slightly to let the saliva to drool from the lower lip into a beaker or
a tube, or the person can spit out the saliva at regular intervals (Edgar et al.,
2012). Unstimulated saliva in compare with stimulated type, contains
inflammatory cells then cytokines are present in sufficient amount for

measurements (George and Donald, 2012).
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2.3.4.2: Stimulated Saliva

It is non concentrated saliva, released in response to the stimulation
by mastication or by thinking in food, or to other stimuli such as certain
drugs (e.g. pilocarpine) or to stimulation of the vomiting center.
Participation percentage of the different salivary glands during
unstimulated flow are; 20% from parotid gland, 65% from submandibular
gland, 7-8% from sublingual gland, and less than 10% from numerous

minor glands (Humphrey and Williamson, 2001; De Almeida, 2008).
2.3.5 : Salivary Proteins

Saliva has large group of constitutive proteins to maintain the
homeostasis and oral health (Van, 2004). There is a great interest of
proteins measurement in saliva to monitor general health (Si ef al., 2015;
Sun et al., 2016; Wang et al., 2018). Salivary protein component as a
considerable group of up to 1166 proteins, includs 914 in parotid and 917
in submandibular/sublingual saliva (Denny et al., 2008). Acinar cells
synthesizes and secretes the majority of these proteins into the oral cavity,
which can be divided into families: proline rich proteins (PRPs), salivary
mucins, salivary cystatins, salivary a-amylase, histatins and statherin

(Zhang et al., 2013; Cabras et al., 2014).

2.3.5.1 : Functions of Salivary Proteins
Several mechanisms involved in maintaining the gingival health and

tooth integrity by proteins (Gao ef al., 2016; Wang et al., 2019).

1. Acquired enamel pellicle formation to defend against tooth
wearing (by mucins and PRPs).
2. Inhibition of demineralization process of exposed tooth surfaces

(mucins).
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3. Encouragement of enamel remineralization by attracting calcium
ions (PRPs and statherin).

4. Antimicrobial effects that include impediment of cariogenic
bacterial species adherence onto enamel surface (histatins and
cystatins), microorganism accumulation and clearance from the
oral cavity (agglutinin and immunoglobulins), and the secretion

of antimicrobial peptides (AMPs).

Many salivary proteins have been studied, and proteomic
investigates have been shown that differences in the salivary protein profile
are associated with systemic diseases as well as oral pathologies (Haigh et
al., 2010; Gongalves et al., 2010).

However, no studies have taken gingivitis alone, except one study by
Goncalves et al. (2011) who made a comparison between salivary
proteome of a healthy gingiva and that of an inflamed gingiva, they found
that immunoglobulins (as IgA), hemoglobin, albumin, cystatin C, and
Keratins, are elevated in whole saliva samples taken from gingivitis
patients compared to healthy patients (Goncalves et al., 2011).

At the onset of gingivitis, the increase in cytoprotective proteins may
inhibit periodontal tissue destruction and clinical attachment loss in patients
at risk of developing periodontitis due to other host and environmental
factors (Syndergaard et al., 2014; Aboodi et al., 2016).

Modification of the composition of salivary proteins is caused not
only by pathological changes, but is also a result of numerous physiological
states. It is supposed that such the change may be connected with the
release of a range of pro-inflammatory cytokines such as IL-6 or TNF-a,
which induce the release of antibacterial peptides. The change in the level
of these proteins results from the inflammatory state caused by oxidative

stress (Allgrove et al., 2009).
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Ackermann et al have examined the ability of human a- and -
defensins to inhibit the pro-inflammatory cytokines of synthesis and to
increase production of class IgG antibodies as a response to
lipopolysaccharides (LPS) of bacterial cell membranes of Porphyromonas
gingivalis which produce gingivitis (Ackermann et al., 2010; Kos$cielniak
et al., 2012). One study in 2016 has been found that the salivary
antioxidants may not be the primary source of protection against oxidative
damage in periodontal tissue inflammation also there are diverse salivary

proteins defend against immunity harmful effects (Aboodi et al., 2016).

2.4 : Inflammation

Inflammation typically represents the response to the tissue injury.
The clinical features of inflammation include edema, redness, heat, pain,
plus loss of function. In the case of tissue injury from minor trauma or a
surgical procedure, the inflammatory process results in a series of well-
regulated humoral and cellular events leads to the localization of injury,
removal of noxious agents, repair of physical damage, and restoration the
function of the injured tissue. The immune system can be separated into the
innate immunity and adaptive immunity. Innate and adaptive systems are
frequently described as separate entities, in reality, components of the
innate and adaptive responses overlap and both systems are required to
work in conjunction to maintain homeostasis and defend against insult

(Frank et al., 2017).

The inflammatory response is, of course, not always beneficial to the
host. In the dental setting, acute inflammation can result in moderate to
severe pain, edema, limited mouth opening, and diminished quality of life
for four or six days following oral surgical procedures. If it becomes
excessive or chronic, as is the case with periodontal disease.

Inflammation can be divided into three stages: acute, subacute, and chronic
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inflammation. In acute inflammation stage, inflammatory mediators as
histamine are released, producing vasodilation and augmented capillary
permeability. In the subacute stage, inflammatory cells migrate and occupy
the site. Prostaglandins, leukotrienes, Platelet activating factor (PAF), and
cytokines also play major roles. The chronic stage of inflammation contains
the lymphocytic phase of injury cleansing and repair. Cytokines,
particularly ILs and TNF-a, are essential in this stage (Ebersole et al.,
2016; Frank et al., 2017).

2.5 : Cytokines

Cytokines are small proteins released by cells have a specific effect
on the interactions and communications between cells by cellular signaling.
They are especially important in inflammation mediating the immune
response following specific binding to their complementary receptors, and

playing a role in chronic inflammation (Corbitt ef al., 2019).

They are often produced in a cascade, as one cytokine stimulates its
target cells to make additional cytokines. They can also act synergistically
or antagonistically (Zhang and An, 2007). The main factors of systemic
inflammation are inflammatory cytokines, such as TNF-a, and IL-6;

chemokines and other mediators of inflammation (Nibali ef al., 2012).

IL-6 (figure 2.3) plays a fundamental role in regulating the
immune system, and directing the transition from innate to the acquired
immunity, a process that can be attributed to recruitment, activation and
survival of different leukocyte subsets. It is a multifunctional cytokine
synthesized in response to the stimuli such as infection and trauma by a
variety of cells such as macrophages, neutrophils, keratinocytes,
fibroblasts, and endothelial cells (Nibali ez al., 2012). Its role was clarified
in the immune regulation, hematopoiesis, inflammation, and oncogenesis

(Kishimoto, 2010).
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Because of these multifaceted abilities, it is thought that individual
variability in the ability to synthesize and release IL-6 may modulate the
susceptibility, development, and progression of a number of autoimmune
and inflammatory diseases (such as periodontal disease, atherosclerosis,
and rheumatoid arthritis) and malignancies (myeloma and mesothelioma)
(Park et al., 2007; Packard and Libby, 2008; Nishimoto, 2010). High
circulating IL-6 concentrations are associated with many oral diseases
including oral cancer, lichen planus, and periodontal diseases (Heikkilad et
al., 2008; Nibali ef al., 2012). Studies have shown a presence of IL-6 in
endothelial cells, fibroblasts, and macrophages of subjects with periodontal

disease (Shimada et al., 2010; Nibali et al., 2012).

Figure (2.3): The chemical structure of IL-6 molecule (C3H,,N,0,).

TNF-a (figure 2.4) is a pro-inflammatory cytokine that plays an
important role in the inflammatory reaction. TNF-a is produced by the
activated macrophages, neutrophils, keratinocytes, monocytes, and mast
cells in response to LPSs (Hatem et al., 2020). This cytokine is a cell-
signaling protein that regulates diverse cell functions, leading to a necrosis
or apoptosis (Idriss and Naismith, 2000; Zhang and An, 2007). TNF-a is a
key regulator of other pro-inflammatory cytokines and of leukocyte

adhesion molecules and it is a priming activator of immune cells.
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A local increase in the concentration of TNF-a will cause the
cardinal signs of Inflammation to occur; heat, swelling, redness, pain and

loss of function, the common signs of gingivitis (Tiirer et al., 2017).
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Figure(2.4) : Chemical structure of TNF-a (C;3HsN;05).

The systemic increased production of TNF-a has been related to the
pathogenesis of various chronic disorders such as rheumatoid arthritis and
Crohn’s disease (Brogin et al., 2012 Alijotas et al., 2017). Also, many
studies found that significant amounts of proinflammatory cytokines such
as IL-1B, TNF-a and IL-6 are often secreted in response to these
inflammatory and infectious stimuli (Saini et al., 2011; Zhu et al., 2015).

High values of TNF-a have been found in patients with periodontal
disease (Frodge et al., 2008; Garlet, 2010), So it is considered as one of the
key periodontal pathogens-induced early inflammatory cytokines in
destructive periodontal disease as gingivitis in comparison with healthy
subjects (Tiirer ef al., 2017; Keles et al., 2020).

The concept of modulating host destructive pathways as a strategy
for treating periodontal diseases has come a long way since the 1970,
blocking specific inflammatory mediators such as IL-1, IL-6 and TNF-a
can be efficacious in slowing periodontal disease progression. (Williams,

2008; Al-Noori, 2013).
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2.6 : Oral Health

Oral diseases are major public health problems with a high

prevalence and incidence according to many epidemiological studies (Dye,

2012;

Chi et al., 2014). Consequently, efforts to reduce the negative

influences of oral diseases and their impacts on overall health, represent

important priorities for dentists (Dye, 2012; Sreenivasan et al., 2016).

The most recurrent oral diseases in the world include caries and

gingival inflammatory conditions that affect oral health and may progress

to tooth loss (Marsh, 2012; Sreenivasan et al., 2016). Also, oral diseases

may lead to systemic diseases as endocarditis, and ischemic arterial disease

that impacts on human general health (Nazir, 2017).

2.7 : Characteristics of Healthy And Unhealthy Gingivae

v

v

Healthy gingivae are usually coral pink in light skinned people, but
may be naturally darker due to melanin pigmentation whereas
unhealthy gingivae color is usually red.

Healthy ginivae have a firm texture that is resistant to movement
while unhealthy gingivae is often swollen and less firm.

Healthy gingivae have a smooth curved or scalloped shape around
each tooth. Healthy gingivae fill and fit each space between the teeth,
unlike the swollen gingiva papilla seen in gingivitis.

Healthy gingivae gives tightness to each tooth in that the gingival
surface narrows to "knife-edge" thin at the free gingival margin
whereas inflamed gingivae have a "puffy" or "rolled" margin.

In healthy gingivae, no bleeding during daily plaque removal by
brushing or flossing or during eating (Lang and Bartold, 2018).

Inflammation of marginal gingiva, without loss of attachment, is

known as gingivitis (Togoo ef al., 2019). With mild gingivitis, the patient’s
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gingiva bleed easily and become red and swollen with increased sensitivity.
As symptoms worsen, the gums begin to regress and take on a red,
inflamed color. The patient complains of generalized severe pain of the

gingiva, often with a bad taste or smelly odor (Al-Noori, 2013).

Bleeding occurs due to multi micro-ulcerations in the sulcular
epithelium or periodontal pocket. Gingival bleeding has been used as an
essential parameter in the assessment of gingivitis because of its objectivity

and ease of clinical access.

The fact that the gingival tissues can be sensitive to bleed just by
touching the gingival margin with a blunt tool suggests that the epithelial
changes and the vascular changes are well proven. These findings support
the importance and applicability of using indices of visual and bleeding

changes (Rebelo et al., 2011).
2.8 : Dental Plaque

Gingivitis mainly induced by dental plaque (Muhammed, 2017), that
1s a unique ecosystem composed of about to 800 bacterial species live in
human oral cavity and these various gram-positive and gram-negative
bacterial species form a community of dental plaque which is defines as a
white to yellowish substance contain host saliva- and GCF-derived
metabolites, microbial metabolites, that forms a strong bond with the
surface of the teeth or other hard surfaces in the oral cavity (Masadeh et al.,
2013; Velsko et al., 2017) which their metabolites causing inflammation of
the gingival and periodontal structures, and dental caries (Pereira et al.,

2013).

Most people may not remove the plaque mechanically, or if these are
done, they are not enough protected against periodontal disease and plaque

accumulation (Pereira et al., 2013; Tonetti ef al., 2015). There is a large
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surface area provided by teeth for colonization and maturation of plaque
biofilm including Streptococcus and Lactobacillus species, and some
combinations of anaerobic species such as Prevotella, Veillonella and
Porphyromonas species are found (Xie et al., 2010; Peyyala and Ebersole,
2013).

An accumulation of dental plaque on the gingival margin triggers
inflammatory effects that can become chronic (Kornman, 2008). Therefore,
routinely oral washing with antimicrobial agents improves oral health and
can act as an effective way to control and eliminate bacterial plaques and

limit gingivitis and periodontitis.

It has been recurrently reported that dental plaque bacteria that
forming biofilms can enter the bloodstream, causing bacteremia. The risk
of bacterial endocarditis increases as the oral hygiene indice increase

(Elshibly et al., 2014).

2.9 : Dental Calculus

The presence of calculus in oral cavity may limit the ability to
perform optimal oral hygiene applies (Pradeep et al., 2011). Dental
calculus develops when non-mineralized dental plaque biofilms become

mineralized with calcium phosphate (CaPO,) mineral salts.

These mineralized biofilms mainly form both supragingivally and
subgingivally. The process of mineralization of plaque involves metabolic
activities of the bacterial colonies and strengthens the adhering of plaque to
the tooth surface. Therefore, it maintains close distance to the gingival
tissues, as dental biofilms always cover the surface of the mineralized

deposits (Akcali and Lang, 2018).
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Nonmineralized dental biofilm entraps particles from the oral cavity,
(figure 2.5) including large amounts of oral bacteria, human proteins,

viruses and food remnants (Velsko et al., 2017, 2019; Hendy et al., 2018).
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Figure (2.5): Dental Calculus (Mann et al., 2018).

There are strong associations between calculus formation and
chronic form of periodontal disease have been demonstrated in
experimental and epidemiologic studies, and there is a positive correlation
between the presence of calculus and the prevalence of gingivitis (Schitzle

et al., 2004; Akcal1 and Lang, 2018).

This study concerned with three essential indices for general oral

health, those are;

1- Plaque Index (PI) (according to Silness and Loe, 1963)
2- Gingival Index (GI) (according to Silness and Loe, 1964)
3- Simplified Oral Hygiene Index (OHI) (according to Greene and
Vermillion, 1960); which is comprised of two indices
a- Simplified Oral Debris Index, and
b- Simplified Calculus Index (CI)
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Since periodontal diseases (gingivitis and periodontitis) are mainly
inflammatory in the nature, the detection of inflammatory lesions in
gingival tissues is vital for the diagnosis and monitoring of gingival status.
Clinical indices provide a means of converting observed clinical data into

numerical data for forming statistical analysis (Muthukumar et al., 2014)
2.10 : Salivary Total Antioxidant Capacity

2.10.1 : Oxidative Stress

It is a regulatory biochemical process essential for human body in the
production of the energy that human need for life. It is a normal
phenomenon, presents in the healthy people (Gombart et al., 2020).
Throughout this process, free radicals are produced that have their
physiological helpful functions. Free radicals, including reactive oxygen
species (ROS) and reactive nitrogen species (RNS), are molecules with one
or more unpaired electron (figure 2.6). Examples of free radicals include:
superoxide [*O;], hydroxyl radical [*OH], and nitric oxide radical [*NO,]
(Asmat et al., 2016; Zukowski et al., 2018).
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Figure (2.6): Donating Electrons. (Villines, 2017).
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Cells contain small organelles called mitochondria, which work to
generate energy in the form of adenosine triphosphate (ATP). Mitochondria
combine oxygen and glucose to produce carbon dioxide, water, and ATP.
Free radicals arise as byproducts of this metabolic process. The problem
arises when an equilibrium is broken and when natural defense apparatuses
fail, the level of free radicals begins to rise over the capacity of the body to
neutralize them, which changes the oxidative status and the body enters the
state of oxidative stress, or a state of high risk for the generation of
numerous disorders and diseases (Zukowski et al, 2018; Ahmadi-

Motamayel et al., 2019).

Antioxidants are substances that neutralize free radicals by mean of
donating an electron. Examples of antioxidants include vitamins B, C, D
and E, lycopene and selenium. Like free radicals, antioxidants come from
several different sources. Cells naturally produce antioxidants such as
glutathione (Choromanska et al., 2017; Balbi et al., 2018).
2.10.2 : Salivary Antioxidants System

Organism cells established an antioxidant protective system for
preventing the formation of excess free radicals, as well as repairing the
damage caused by free radicals. Antioxidant protection consists of
cytoprotective enzymes and non-enzymatic antioxidants (Choromanska et
al., 2017). In saliva protective mechanisms include the prevention of the
occurrence of the damage, and the repairing of the resulting damage, and
removing damaged biomolecules before their accumulation causes a new

damage.

The effectiveness of the antioxidant system depends on the intake of
vitamins and micronutrients through food and supplements as well as the
synthesis of antioxidant enzymes, which can be change according to the

physical activity, nutrition or aging (Sugiura et al., 2015; Ahmadi-
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Motamayel et al., 2017, 2019). The salivary levels of antioxidants can be

changed in response to an infection, inflammation or disease (Hegde et al.,

2009).

Antioxidants can be classified as enzymatic elements that include
superoxide dismutase (SOD), GSH peroxidase, myeloperoxidase and
catalase as well as non-enzymatic elements as minerals, vitamins (B, C, D
and E), polyphenols, thiols, uric acid (UA), and albumin (Kamodyova et
al., 2015; Ighodaro and Akinloye, 2018).

There is another classification of salivary antioxidants into three
groups according to their function. The first group consists of preventive
antioxidants, those which inhibit the production of free radicals, such as
SOD, catalase, carotenoids, GSH peroxidase, transferrin, albumin and
haptoglobin. Second group contains what called ‘scavenger’ antioxidants,
such as vitamin C and E, UA, albumin and bilirubin, which eliminate free
radicals to inhibit the starting and spreading of cell damage.The last groups
are enzymes such as proteases, transferase, lipases, etc, that repair the

damage caused in the cells and tissues (Ighodaro and Akinloye, 2018).

Antioxidant salivary protection has been in the last few decades, the
interest subject of many medical research. Many studies have proved that
oxidative stress plays an important role in the pathogenesis of many
inflammatory diseases (Arulselvan et al., 2016; Wang et al., 2017). As
periodontal disease is the most commonly inflammatory disease of the oral
cavity, this role of oxidative stress and antioxidant protection in the

pathogenesis of this disease is increasingly mentioned.

Analyzing saliva antioxidant types, as well as its overall total

antioxidant capacity (TAC) level estimation, is essential for a better
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understanding of pathogenesis of periodontal disease and the introduction

of new preventive measures (Pendyala et al., 2013).

2.10.3 : The Role of Oxidative Stress in The Pathogenesis of The Oral
Diseases

Oxidative stress that is a result of imbalance between the reactive
oxygen species activity and the ability of the human body to detoxify them
by antioxidants can lead to the cell damage by micro-damage of the cell
membrane, protein deactivation, DNA damage, and prompt of cell
signaling molecules that induced the tissue damage (Varadharaj et al.,
2015; Wang et al., 2017).

Oral tissues are uniquely liable to the free radical damage because
the mucous membranes allow rapid absorption of substances throughout
their surfaces. In the oral tissues, infection of gingiva can generate
oxidative stress. The increase in the formation of free radicals from
oxidative stress leads to a further breakdown of cell walls and oral tissues
(Akpinar et al., 2013; Baltacioglu et al., 2014).

Oxidative stress has been determined by the decrease in TAC. In a
meta-analysis including 16 studies from different countries reported
oxidative stress biomarkers, serum TAC levels were lower in patients with
periodontal disease compared to healthy subjects, suggesting that the
periodontal inflammation may trigger systemic oxidative stress ( Liu et al.,
2014). Numerous clinical and pre-clinical researches reported that the
periodontal inflammation generate ROS which are diffused into
bloodstream, and gradually distressed other organs (Tomofuji et al., 2007;
Baltacioglu et al., 2014).

When inflammation occurs, ROS production is extremely increased,
this is mainly due to cells of innate immune system, e.g., neutrophils and

macrophages (Mittal et al., 2014). For explanation, the accepted hypothesis
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is that the inflammation can trigger oxidative stress and the oxidative stress
state can also induce inflammation. In addition to ROS, the level of serum
antioxidants were reported to be lower in the periodontal disease patients
(Baltacioglu et al., 2006; Konopka et al., 2007; Trivedi et al., 2015).
Studies proved the presence of periodontopathic bacteria in saliva.
Activation of the host response by these periodontal pathogens results in
activation and infiltration of neutrophils, which are the primary source of
ROS in periodontitis (Ryder, 2010; Scott and Krauss, 2012). ROS
production by neutrophils is considered as an important mechanism of

bacteria killing (Wang et al., 2017).

However, ROS production by neutrophils might also cause damages
of host tissues by lipid peroxidation and DNA damage when ROS are not
neutralized by the antioxidant system or in the case of an impaired
neutrophils clearance (Hajishengallis, 2014). So that, a proper balance
between ROS production and TAC of the host tissue plays an important
role in the homeostasis of periodontal tissue and prevents tissue damage
(Zhang et al., 2016). They have been found a high frequency of
Porphyromonas gingivalis, Treponema denticola, and Tannerella forsythia
in patients with periodontal disease. The presence of these bacteria was
strongly significant in the increase of oxidative stress markers (Wara-

Aswapati et al., 2009; Suresh et al., 2017).

It is reasonable that neutrophils acts upon this inflammation,
increasing ROS levels to kill different pathogens (Almerich-Silla ef al.,
2015; Wang et al., 2017).

2.11 : Antioxidant Effect of Folic Acid

Folic acid plays a vital role in DNA synthesis by transferring of single
carbon units in the biosynthesis of purine and thymidylate (Khan et a/, 2019;
Batra et al., 2020). Also, folate being a methyl group donor, it fulfills a
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fundamental role in the remethylation process of Hcy to methionine amino
acid which is catalyzed by a B12- dependent methionine synthetase (Crider
et al.,2012; Capelli et al., 2019).

In case of FAD, remethylation of Hcy can be blocked and will result
in the accumulation of Hcy leading to the production of various ROS. So,
folic acid 1s considered to have free-radical-reducing properties (Huang et
al.,2001; Hsu et al., 2013).

Lai et al. (2017) found that folate was an antioxidant based on its
capability to effectively scavenge various types of free radicals (Lai et al.,
2017). FAD along with deficiencies in vitamins B6 and B12 has been
concerned as the etiological factor in the pathogenesis of many chronic
degenerative diseases including cancer, cardiovascular disorders, and

Alzheimer’s disease (Wang et al., 2012; Li et al., 2020).

Gingival inflammation involves excessive release of oxygen-free
radicals by inflammatory cells, especially polymorphonuclear leucocytes
(PMNLSs). PMNLs play an essential role in the host defense and serve as
the first line of defense against pathogens invasion and infection in the
body. In the oral cavity, after plaque accumulation and the development of
clinical inflammation 90% of leukocytes that enter the saliva and 50% of
those that infiltrate junctional epithelium are PMNLs. This type of
neutrophils helps in controlling the microbial invasion by several
intracellular and extracellular oxidative and non-oxidative killing

mechanisms (Ahmadi-Motamayel et al., 2017).

The oxidative killing mechanism of neutrophils leads to the
formation of ROS. In the event of a microbial attack, there is a burst of O,
consumption at about 10 or 20 times that of resting consumption. This burst

of oxygen consumption is the "respiratory burst" phenomenon, and the
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excessive uptake of oxygen in neutrophils and macrophages generates ROS
that able of damaging either cell membranes or biomolecules. Oral health
of the organism depends on the activity of efficient immune defense

mechanisms against oxidative damage which induced by FRs/ROS.

Antioxidants, in particular vitamin B, have a protective effect on the
periodontium. They neutralize the ROS that can cause oxidative stress,
which results in excessive tissue damage. A study in 2019 has been found
that antioxidants were significantly elevated after folic acid administration
in the mouse in the present study, which may be related to its antioxidant
properties. These findings confirmed the previous observations that the
folic acid effectively reduces oxidative stress and normalize the

concentration of antioxidant enzymes (Zhang et al, 2019).

2.12: Anti-inflammatory Effect of Folic Acid

In epidemiological studies, low folate concentrations were shown to
prompt an inflammatory state in the body. Folic acid supplementation
improved disease outcomes in subjects with chronic inflammatory diseases
by reducing levels of inflammatory markers as TNF-a (Cianciulli ef al.,

2016; Zhang et al., 2019).

A study was conducted in China 2016, aimed to evaluate whether
folic acid supplementation would improve cognitive performance by
reducing serum inflammatory cytokine concentrations. This study
suggested that, daily oral administration of a 400-pg folic acid supplement
to mild cognitive impairment (MCI) subjects for 12 months can
significantly improve cognitive performance and reduce peripheral
inflammatory cytokine levels (Ma et al., 2016).

Another study was conducted in 2019, has found that the oral

administration of folic acid is well tolerated and that folic acid has notable



Chapter Two Review of Literatures

anti-inflammatory properties. Reduced inflammation was confirmed
histologically, as they observed a reduction in the cytokines appropriate for
the maintenance of a cutaneous allergy. Results also demonstrated the
significant ability of folic acid to inhibit T-cell proliferation and the
secreting of cytokines (Makinoa et al., 2019). In addition to this, in healthy
overweight subjects, a short-term course of folate supplementation (2.5
mg/day for three months) reduces the circulating level of some
inflammatory mediators as IL-6 independently of weight change (Solini et
al., 2006).

The anti-inflammatory effect of folic acid explained by reduced
expression of proinflammatory genes in monocytes by inhibition of NF-xB
activation (Feng et al., 2011; Lisboa et al., 2020). During the inflammatory
disease, monocytes and macrophages produce cytokines in response to
different stimuli, such pathogenic microorganisms (Laskin and Pendino,
1995; Samblas et al., 2018).

The proinflammatory molecules as TNF-a or ILs released by
macrophages in the inflamed regions coordinate the enhancement of
monocyte recruitment from blood to tissue. Recruited monocytes
differentiate into macrophages to continue the inflammatory response (Shi
et al.,2011). In contrast, FAD in the same cell line enhanced the expression
of proinflammatory genes then inflammation carries on (Kolb and Petrie,

2013).

2.13 : The Role of Folic Acid in Gingival Health and Disease

The vitamin B complex includes eight vitamins involved the folic
acid. Oral changes that are common to B-complex deficiencies are
gingivitis, and inflammation of the entire oral mucosa. Folic acid-deficient
animals demonstrate necrosis of the gingiva, periodontal ligament, and

alveolar bone. In humans with sprue and FAD, generalized stomatitis
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occurs, which may be accompanied by ulcerative glossitis and cheilitis.
Folic acid is utilized by virtually all mammalian cells as a coenzyme for
amino acid conversions and synthesis of pyrimidine and purine needed for
DNA synthesis (Liew, 2016). It is required for cellular division and new
cells production. At the cellular level, the major defect in FAD is an
impaired production of DNA expressed as inefficient mitosis, increase in
cellular stroma, and asynchronism between protein synthesis and cell

division (Erdemir and Bergstrom, 2007).

Interference with DNA synthesis disrupts the production of RNA and
prevents the process of cell maturation from reaching completion, a factor
that would account for the mucosal changes found in the FAD (Vogel et
al., 1978).

Histologically, the most prominent FAD-related changes were an
interference with the maturation of the epithelial cells, impairment of
keratinization, and an increased susceptibility to the ulceration and
inflammation (Levy et al., 1970). Repair and maintenance of the
periodontium generates a high turnover rate of squamous epithelium, thus
folic acid is essential for the proper maturation of the rapidly proliferating
cells. It is thus conceivable that the gingival epithelium would also be
affected in FAD.

Folic acid supplementation can be taken both systemically and
topically (Bergstrom 1989). Folic acid is available in various dosage forms
like mouthwash, tablets, capsules, oral drops and injections. A
supplementation of 2 mg systemic folic acid showed an increase in the
resistance of gingiva to the local irritants and thus lead to a reduction in the
inflammation over a 30 days period (Vogel, 1976).

In another study, the use of 5 ml folate mouthwash rinse twice daily
for 4 weeks for 1 min on established gingivitis in adults showed improved

gingival health (Pack, 1984).
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Evidence indicates that in a FAD prone situation, the management
and maintenance of periodontal health and disease will be positively
influenced by folic acid supplementation. It is essential for the maintenance
of an intact oral mucosa.

Low levels of serum folate were independently associated with
periodontal disease in older adults; hence, it is quite possible to presume
that smoking—induced FAD can negatively influence periodontal disease

expression and progression. Thus, folic acid supplementation as an adjunct
in the management of periodontal disease in smokers will prove to be
beneficial. Oral mucosal integrity can be protected by the daily
supplements of folic acid (George et al., 2013).

A double-blind study evaluated the effects of systemic and topical
folate on the gingival inflammation during the fourth and eighth months of
pregnancy. They found that, the folate mouthwash produced highly
significantly improvement in gingival health in pregnancy (Pack and
Thomson, 1980). Another study has reported that a low serum folate level
is associated with periodontal disease in non-institutionalized older adults

(Yuetal., 2013).

Clinically, patients with one of oral and dental specific diseases may
need complete blood count and serum folic acid, iron, vitamin B12, Hcy,
thyroglobulin antibody, and thyroid microsomal antibody levels to be
examined to assess whether these patients have problems like deficiency.

(Chiang et al®., 2020; Chiang et al’., 2020).
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CHAPTER THREE
MATERIALS AND METHODS

3.1 : Study design

This is a randomized clinical trial conducted in dental private
clinics and scientific laboratories in Mosul city/Iraq, in the period between
July/2019 to February/2020. The study was approved by the scientific
academic committee of basic science department of college of dentistry/

university of Mosul according to relevant guidelines.

3.1.1 : Patients

The study was carried out on 40 participants (20 females, 20 males)
of different ages between a range of (20-40 years) were attended to private
dental clinics. Scaling and polishing have been carried out for each
volunteer at private dental clinics. In the next day, oral health indices (PI,
GI, OHI and CI) for all participants were measured and at 21 day then at
42™ day of study. Diagnosis of chronic gingivitis was established
depending on the oral health indices and dental history.

The choice of each volunteer depending on dental diagnosis and

achievement of inclusion and exclusion criteria (Table 3.1).
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Table (3.1) : Inclusion and Exclusion Criteria

CRITERIA INCLUDED EXCLUDED
Age Between (20-40) years old out of the range
Systemic ) )
Has one disease/lesion or
Diseases/Oral Free
more
lesions/Xerostomia
Pregnancy /
8 y Not Yes
Lactation
Folic acid
No Yes
Sensitivity
Other drug /
No Yes
supplements intake
The mouth
contains 20 teeth yes Less than 20 teeth
or more
Smoking No Yes
Alcohol Intake No Yes
Agree to
participate in this yes No
study

3.1.2 : Record

After selection, patients were divided randomly into 2 groups;
1. Group 1 consisted of 20 chronic gingivitis patients, did not receive
any medication (control group).
2. Group 2 consisted of 20 chronic gingivitis patients (study group),
received 1 mg/day of oral tablet of folic acid for 42 days.

An informed consent sheet was filled and signed by each volunteer
(Appendix 1). Also, case sheet was assigned for each participant (Appendix
2). Patients of both groups were instructed to use the same toothpaste

(Biofresh®/Ispain) and same toothbrush, at least twice a day.
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3.2: Materials

3.2.1 : Drug Used
Folic acid tablet (1 mg) of SDI Company/ Iraq was used.

Figure (3.1): Folic acid tablets and the prescription

3.2.2 : Saliva Collection Instruments
1- Plane tube for saliva /China.
2- Eppendorf's tube (2 ml) /China.
3- Disposable syringes 5cc (G 22) /China.
3.2.3 : Diagnostic Set for Gingivitis (Figure 3.2)
1- Dental Probe/China
2- Dental Mirror/China

Figure (3.2) : Diagnostic set for gingivitis
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3.2.4: Devices
1- ELISA Device /Microplate Reader / Biotek/USA (Figure 3.3 A).
2- Spectrophotometer Device /Zenith Lab Co./China (Figure 3.4).
3- Washer Device /Microplate Washer/Biotek/USA (Figure 3.3 B).
4- Centrifuge / QLS/ ISO-fuge 1424/United Kingdom.
5- Vortex Mixer MX2500/QLS/United Kingdom.
6- Oscillator/KJ 201 A/Hinotek/China.
7- Pipettes /Ratiolab/Germany and Watson Nexty/Japan (Figure 3.5 A,

B and C).

8- Incubator/JRAD/Syria.
9- Thermostatic Water bath/Taiwan.

Figure (3.3): A- ELISA Device, B- Washing Machine.

Figure (3.4) Spectrophotometer Device.
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Figure (3.5) : Pipettes used; A. Micropipette10-100ul
B. Micropipette 100-1000pl
C. Multichannel pipette 0-250pul.
3.2.5 : Protective Measures
1- Face Mask / Meheco pharmaceuticals / China.
2- Disposable Gloves / China.
3- Laboratory Coat / India.
4- Alcohol Solution / Syria.

5- Cotton Rolls / China.
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3.3 : Methods

3.3.1 : Saliva Collection and Storage Procedures
The following instruction have been followed:

1. The participants were refrained from intake of any food or drinks
(except for water) 1 hr before collection of saliva, the best time is
between 9-11 a.m.

2. The mouth has been rinsed thoroughly with approximately 150
ml of water three times before sample collection.

3. Whole saliva was collected by unstimulated passive drooling.
Donors tilted the head forward, in order the saliva to pool on the
floor of the mouth, then pass into a plane tube.

4. Storage and stabilization of samples, they are kept in refrigerator
within 30 minutes after collecting in order to avoid bacterial
growth in the specimen.

5. Unstimulated saliva samples were collected in a plane tubes then
drown and kept in Eppendorf's tubes that arranged in a rank at
standup position.

6. Then freeze at or below -20°C until analysis day.

7. At the time of analysis, samples dissolved at room temperature,
then centrifugation for all samples is carried out in centrifuge to
get a clear saliva sample ready for analysis.

Unstimulated saliva samples which used for measurement of salivary
TNF-a, IL-6, TAC and salivary TP were collected from patients of each
group as following :

1. Five milliliters of saliva were collected in the day following scaling
and polishing, prior to receiving treatment.

2. Five milliliters saliva sample were collected at day 21* of study.

3. Another five milliliters were collected at the end of the study (at day
42™ of the study).
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3.3.2: Oral Health Indices (Newman et al., 2012)
3.3.2.1 : Measuring of Plaque Index (According to Silness and Lde,
1964)

By using mirror and dental probe, four surfaces (buccal, lingual, mesial
and distal) of the six teeth (3, 7, 12, 19, 23, and 28) were examined (figure

3.6) and given a score from 0-3 according to the criteria in table (3.2).

Figure (3.6) : The teeth which examined for oral health indices

Table (3.2) : Plaque index scores and criteria (Newman et al., 2012).
Scores Criteria

0 No plaque

1 A film of plaque adhering to the free gingival margin and
adjacent area of the tooth. The plaque may be seen in situ only
after application of disclosing solution or by using the probe on
the tooth suface.

2 Moderate accumulation of soft deposits within the gingival
pocket, or on the tooth and gingival margin which can be seen
with the naked eyes.

3 Abundance of soft matter within the gingival pocket and/or on

the tooth and gingival margin.
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3.3.2.2 : Measuring of Gingival Index (According to Silness and Loe,
1963)

By using mirror and dental probe, the gingiva of six teeth (3, 7, 12, 19,
23, and 28) were examined and given a score from 0-3 according to the

criteria in table (3.3).

Table (3.3) : Gingival index scores and criteria (Newman ef al., 2012).

Scores Criteria
0 Normal gingiva
1 Mild inflammation- slight change in color and slight edema but

no bleeding on probing

2 Moderate inflammation - redness, edema and glazing, bleeding
on probing.
3 Severe inflammation - marked redness and edema, ulceration

with tendency to spontaneous bleeding.

3.3.2.3 : Measuring of Oral Hygiene Index (According to Greene and
Vermilion, 1960)

It consists of the combined simplified debris Index and simplified
calculus index (CI), each component was assessed on a scale of 0 - 3, only
mouth mirror and sickle type dental explorer were used for the examination
of fourth surfaces of six teeth (3, 7, 12, 19, 23, and 28).

The criteria for scoring the debris and calculus components of the OHI
are contained in the tables (3.4) and (3.5). The simplified oral hygiene
index score per person is the total of the debris and calculus scores per

person.
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A. Simplified Debris Index

Table (3.4) : Debris index scores and criteria (Newman et al., 2012).

Scores Criteria

0 No debris or stain present.

1 soft debris covering not more than one third of the surface or the
presence of extrinsic stains without other debris, regardless of
surface area covered.

2 soft debris covering more than one third but not more than two
third of the exposed tooth surface.

3 soft debris covering more than two thirds of the exposed tooth

surface.

B. Simplified Calculus Index

Table (3.5) : Calculus index scores and criteria (Newman et al., 2012).

Scores Criteria

0 No calculus present.

1 Supragingival calculus no more than one third of the tooth
surface.

2 Supragingival calculus covering more than one third but not
more than two thirds of the exposed tooth surface, or the
presence of individual flecks of subgingival calculus around the
cervical portion of the tooth, or both.

3 Supragingival calculus covering more than two thirds of the
exposed tooth surface or a continuous heavy band of subgingival

calculus around the cervical portion of the tooth, or both.
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3.3.3 : Measurement of Human Salivary TNF-a
Assay Principle
This kit was based on a sandwich enzyme-linked immune-sorbent
assay technology (ELISA) of 96 wells (figure 3.7). Anti-TNF-a polyclonal
antibody was pre-coated onto 96-well plates and the biotin conjugated anti-
TNFa polyclonal antibody was used as detection antibodies. The standards,
test samples and biotin conjugated detection antibody were added to the
wells subsequently, and washed with wash buffer.
Avidin-Biotin-Peroxidase complex was added and unbound
conjugates were washed away and wash buffer. Tetramethylbenzidine
(TMB) substrates were used to visualize horseradish peroxidase (HRP)
enzymatic reaction. TMB was catalyzed by HRP to produce a blue color
product that changed into yellow after adding acidic stop solution. The
density of yellow is proportional to the TNF-o amount of sample captured
in plate. Optical density absorbance at 450 nm in a microplate reader, was
red, and then the concentration of TNF-a can be calculated.
Assay Procedure (according to the kit leaflet)

At the time of an analysis, the freezed samples were dissolved at room

temperature, then centrifuged at 1000x g for 10 minutes, and then:

1. Standard, test sample and control wells have been set on the pre-
coated plate respectively.

2. 0.1 ml of 1000 pg/ml, 500 pg/ml , 250 pg/ml, 125 pg/ml, 62.5 pg/ml,
31.2 pg/ml, 15.6 pg/ml standard solution have been aliquotted into
standard wells.

3. 0.1 ml of sample / standard diluent buffer was added into the control
well.

4. We added 0.1 ml of properly diluted saliva sample into test sample
wells.

5. We sealed the plate with a cover and incubated at 37°C for 90 min.
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6. We removed the cover and discarded the plate content. Then we
clapped the plate on the absorbent filter paper .

7. We added 0.1 ml of biotin conjugated anti-human TNFa antibody
work solution into the above wells (standard, test sample, and control
wells).

8. We sealed the plate with a cover and incubated at 37°C for 60 min.

9. Then we removed the cover and washed plate 3 times with wash
buffer using automated washing that aspirated all wells then washed
plate 3 times with wash buffer.

10. We added 0.1 ml of ABC working solution into each well (figure
3.8 A), covered the plate and incubated at 37°C for 30 min.

11. We removed the cover and washed the plate 5 times with wash
buffer .

12. We added 0.1 ml of TMB substrate into each well, then covered the
plate and incubated at 37°C in dark place within 30 min .

13.We noticed the shades of blue in the first 3-4 wells (with most
concentrated Human TNF-a standard solutions). The other wells
showed no obvious color (Figure 3.8 B).

14. We added 0.1 ml of stop solution into each well and mixed
thoroughly. The color changed into yellow immediately (Figure 3.8
O).

15. We read the optic density (OD) absorbance at 450 nm in a
microplate reader within 30 minutes after adding the stop solution .

16. Calculation of salivary TNF-a concentration as follow:

Relative O.Dysy = the O.Dys) of each well- the O.D sy of zero well
So the concentration is calculated by plotting the relative O.D of
each well (Y) vs the respective concentration of blank solution at 450

nm, using a standred curve (figure 3.9).
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Figure (3.7): A. Human TNF-o ELISA Kit (MyBioSource®/ USA)

B. Kit components
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Figure (3.8): Changing the color of salivary TNF-a ELISA kit wells during

work. A. Color of wells after adding of working solution, B. Color of wells

after adding of antibody solution, C. Color of wells after adding of the stop
solution.
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Figure (3.9) : Standard Curve of Human salivary TNF-o ELISA Kit

3.3.4 : Measurement of human salivary IL-6
Test Principle

This is a sandwich ELISA kit, of 96 wells. IL-6 in standards and
samples binds to the antibody binding sites on a microtitre plate (Figure
3.10). After incubation, unbound components are washed away. Biotin
conjugated to goat antibodies to human IL-6 are added and attach the
bound IL-6. After incubation, unbound components are washed away.
Streptavidin conjugated to HRP is added and binds to biotin conjugated to
the goat antibodies. Bound streptavidin-HRP i1s measured by the reaction of
the horseradish peroxidase enzyme to the substrate TMB. This reaction
produces a blue color. A yellow color is formed after stopping the reaction
with an acidic solution. The optical density is read on a standard plate
reader at 450 nm. The amount of streptavidin- HRP detected is proportional

to the amount of [L-6 present in the sample.
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Materials and Methods

Figure (3.10) : A. Human salivary IL-6 ELISA Kit (Salimetric®/ USA) .

B. Kit components

Test Procedure (according to the kit leaflet)

1. We diluted saliva sample 5X in IL-6 sample diluent using 60 pl

saliva to 240 ul IL-6 sample diluent.

2. We pipetted 100 pl of standards, controls, and diluted saliva

samples into appropriate wells. Then pipetted 100 pl of IL-6 assay

diluent into 2 wells to serve as the zero standard.
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3. We placed adhesive cover provided over plate. Mixed plate on a
plate rotator continuously at 500 rpm for 1 hour at room
temperature.

4. With 1X wash buffer, we washed the plate 4 times by automated
washer device, then the plate thoroughly blotted on paper towels
before turning upright.

5. The antibody conjugate 1:500 was diluted by adding 24 pl of the
antibody conjugate to the 12 ml of IL-6 assay diluent. We
immediately mixed the diluted antibody conjugate solution and
added 100 pl to each well using a multichannel pipette.

6. Then we placed a new cover over plate. We mixed plate on a plate
rotator continuously at 500 rpm for 2 hours at room temperature.

7. With 1X wash buffer, we washed the plate 4 times by automated
washer device, then the plate thoroughly blotted on paper towels
before turning upright.

8. We diluted the streptavidin-HRP 1:100 by adding 120 pl of the
streptavidin-HRP to the 12 ml of IL-6 assay diluent. Immediately
we mixed the diluted streptavidin-HRP solution and added 100 pl to
each well using a multichannel pipette.

9. Then we mixed plate on a plate rotator continuously at 500 rpm for
20 minutes at room temperature.

10. With 1X wash buffer, we washed the plate 4 times by automated
washer device, then the plate thoroughly blotted on paper towels
before turning upright.

11. We added 100 pl of TMB substrate solution to each well with a
multichannel pipette.

12. Then we mixed on a plate rotator for 5 minutes at 500 rpm and
incubated the plate in the dark place at room temperature for 15

minutes.
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13. 50 pl of stop solution is added with a multichannel pipette.

14. Then we mixed on a plate rotator for 3 minutes at 500 rpm until all
wells turned yellow color. Then we read OD absorbance in a plate
reader at 450 nm within 10 min of adding stop solution. Calculation
of salivary IL-6 concentration as follow:

15. Relative O.Dysy = the O.Dys¢ of each well- the O.Dysq of zero well.
So the concentration is calculated by plotting the relative O.D of
each well (Y) vs the respective concentration of blank solution at

450 nm, using a standred curve (figure 3.11).

StdCurve

2.5001

2.000+ .

1.5001

Blank 450

o3

1.000+

P9

0.500

0.000+% T T T T T T T T T 1
0.000 10.000  20.000  30.000  40.000  50.000  60.000  70.000  80.000  90.000  100.000

<Concentrations/Dilutions>

Figure (3.11) : Standard Curve of Human Salivary IL-6 ELISA Kit.
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Figure (3.12) : Changing the color of salivary IL-6 ELISA kit wells
during work. A. Color of wells after adding of TMB solution, B.
adding of Stop solution by multichannel pipette, C. Color of wells

after adding of the stop solution.
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3.3.5 : Measurement of Total Antioxidant Capacity in Saliva

Detection Principle

A variety of antioxidant macromolecules, antioxidant molecules and
enzymes in a system can eliminate all kinds of reactive oxygen species and
prevent oxidative stress induced by reactive oxygen species. The total level
reflect the total antioxidant capacity in the system. Many antioxidants in
the body can reduce Fe’* to Fe*" and Fe** can form stable complexes with
phenanthroline substance. TAC can be calculated by measuring the
absorbance at 520 nm.

Measurement procedure (according to the kit leaflet)
1. We centrifuged each saliva sample at 10000x g (Appendix 3) for 10
min at 4°C, Then we took the supernatant for detection.
2. In the Sample tube we added 1.0 mL of reagent 1 to 5 mL EP tube.
3. In Control tube we added 1.0 mL of reagent 1 to 5 mL EP tube.
4. In Sample tube we added 0.1 mL of sample the tube.
5. In control tube we added nothing.
6. We added 2.0 mL of reagent 2 working solution and 0.5 mL of

reagent 3 working solution to sample tube and control tube.
7. We mixed fully and incubate the tubes at 37 C for 30 min.

8. We added 0.1mL of reagent 5 to sample tube and control tube.

9. In Sample tube we add nothing.

10. In Control tube we added 0.1 mL of sample.

11. We mixed fully and stand for 10 min at room temperature. Then we
set to zero with double-distilled water and measured the OD value of each
tube at 520nm with 1cm optical path quartz cuvette.

12. Finally, we calculated TAC value for each sample:

At 37°C, the OD value of the reaction system was increased 0.01 by 1 mL

of sample per minute is defined as a unit of TAC.
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TAC(U/mL)=(AA/0.01)+30*xV1/V2xf

[Note]:

AA: OD Sample — OD Control

*: The reaction time, 30 min.

V1: The total volume of reaction, mL.

V2: The volume of sample added to the reaction, mL.
f: Dilution factor of sample before tested.

0.01:Constant

Figure (3.13) : A. Total antioxidant capacity Assay Kit (Elabscience®
/USA).

B. Kit components.
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3.3.6 : Measurement of Salivary Total Proteins
Assay Principle

Calorimetric method were described by Gornall ef al. in this kit
(figure 3.14). The peptide bonds of proteins react with Cu®" in alkaline
solution to form a colored complex which absorbance proportional to the
concentration of TP in the specimen is measured at 550 nm. The Biuret
reagent contains sodium potassium tartarate to complex cupric ions and
maintains their solubility in alkaline solution.
Assay Procedure (According to the kit leaflet)

Total proteins for each sample of saliva was determined using the

Biuret method (Itzhaki and Gill, 1964) as in the following steps:

First of all, we dissolved all samples at room temperature then, we
made simple mixing for each eppendorf's tube for 5 sec. by using a vortex

device, and then we performed:

1. Calibration of ultraviolet visible spectrophotometer device (Figure
3.4) at 550 nm wavelength by using reagent blank which is
composed of 20 uL of demineralized water and 1 mL of Biuret
reagent which was prepared by mixing of 370 mmol/L. of Sodium
hydroxide, 10 mmol/L of Na-K Tartarate , 3 mmol/L of Potassium
Iodide and 3 mmol/L of Copper II sulphate.

2. Then we prepared standard solution by adding 20 uL of biuret
standard (Bovine Albumin) plus 1 mL of Biuret reagent , we

recorded its absorbance at 550 nm wavelength.

3. We prepared each saliva sample tube by adding 20 pL specimen plus
I mL of Biuret reagent then recorded optical density at 550 nm

wavelength.
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4. We determined salivary total proteins for each saliva sample by

using a simple calculation as following:

Total Proteins Concentration = {Abs (sample)/Abs (standard)} X
standard concentration
Standard absorbance = 0.355 nm (of this procedure).

Standard concentration = 6 g/dL.

Figure (3.14) : Total Proteins Kit/Biolabo®/France
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3.4 : Statistical Analysis

Data analysis and statistical tests

Data tabulation and coding performed via Microsoft Excel-2010.
Descriptive and analytic statistics was performed using Minitab (version
18) software statistical program. The descriptive statistics included mean +
Standard Deviation (SD) for measurable variables.

Independent t-test for two means was used for comparing parameters
between treatment and control groups. One-way Analysis of Variance test
(ANOVA-test) with Tukey's Pair-wise comparisons was used for
comparison between the three means parameters recoding throughout the
study period. Dependent t-test of two means (paired) was applied for the
differences in parameters within each group (beginning — final. (Triola et
al., 2018).

Percentage improvement rate was calculated in the two groups as

follow (Parker et al., 2009);

before intervention - after interventio
% Improvement Rate = ementon nterven?o® x 100
before intervention

P-values < 0.05 were considered statistically significant throughout

data analysis
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CHAPTER FOUR
THE RESULTS

4.1 : Demographic Data

A total of 40 patients was included in the study. They were divided
randomly into two groups; treatment group (20 patients) and control group
(20 patients). The treatment group consisted of 11 females (55%) and 9
males (45%), the mean of age of patients was 28.2 + 5.72 years, while the
control group consisted of 9 females (45%) and 11 males (55%), the mean
of age was 28.9 = 7.05 years with no significant differences between their

gender, p = 0.732 as shown in the (Figure 4.1).

No. of persons

M Male

M Female

Treatment group

Control group

Figure (4.1) : Gender distribution of the study samples population.
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4.2: Oral Health Scores

4.2.1: Descriptive Statistics
The mean and standard deviation of oral health scores (PI, GI, OHI

and CI) for each participant of both treatment and control groups at the

beginning of study were shown in table 4.1.

Table (4.1) : Oral health scores of treatment and control group at the
beginning of the study (n = 20).

Oral Health Scores | TTeatment Group | Control Group
Plaque index 0.167+0.291 0.308+0.293
Gingival index 0.458+0.436 0.550+0.429
Oral hygiene index 0.233+0.348 0.433+0.380
Calculus index 0.117+0.163 0.133+0.206

*SD : Standard deviation

The mean and standard deviation of oral health scores for each

participant of both treatment and control group at 21* day of the study

period were shown in the table 4.2.

Table (4.2) : Oral health scores of treatment and control group at 21% day
of the study period (n = 20).

Oral Health Scores Tre;;:::lni (S}]l;)up COan:: ﬂ(:};(]))up
Plaque index 0.191+0.282 0.433+0.348
Gingival index 0.350+0.346 0.541+0.338
Oral hygiene index 0.308+0.394 0.558+0.493
Calculus index 0.191+0.287 0.174+0.282

The mean and standard deviation of oral health of each participant
both treatment and control groups at 42™ day of the study period were

shown in the table 4.3.
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Table (4.3) : Oral health scores of treatment and control group at 42" day

of the study period (n = 20).
Oral Health Scores | TTeatment Group | Control Group
Plaque index 0.341+0.256 0.433+0.326
Gingival index 0.400+0.317 0.566+0.406
Oral hygiene index 0.441+0.307 0.624+0.515
Calculus index 0.333+0.259 0.250+0.289

4.2.2 : Comparison in oral health scores between both groups

The results are showing that there is no significant difference

between means of treatment and control group in PI, GI, OHI and CI at the

beginning of the study (Table 4.4).

Table (4.4) : Comparison in oral health scores between the two groups at
the beginning of the study.

Treatment Group Control Group P-
Oral Health Scores [N =20] [N =20] Value*
Mean = SD Mean = SD ue
Plaque index 0.167 £ 0.291 0.308 +0.293 0.133
Gingival index 0.458 £0.436 0.550£0.329 0.457
Oral hygiene index 0.233 +£0.348 0.433 £0.380 0.091
Calculus index 0.117+0.163 0.133 £0.206 0.778

* Independent T-test of two means was used

This study showed a significant difference between means of

treatment and control group in PI, but there is no significant difference in
the means between treatment and control group in GI, OHI and CI at day

21 of the study, as illustrated in table 4.5.
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Table (4.5) : Comparison in oral health scores between the two groups at

21* day of the study.

Treatment Group Control Group P-
Oral Health Scores [N =20] [N =20] Value*
Mean = SD Mean = SD "
Plaque index 0.191 £ 0.282 0.433 £0.348 0.022
Gingival index 0.350 = 0.346 0.541 £0.338 0.086
Oral hygiene index 0.308 +£0.394 0.558 £0.493 0.085
Calculus index 0.191 = 0.287 0.174 £ 0.282 0.854

* Independent T-test of two means was used

No significant difference is found between means of treatment and

control group in PI, GI, OHI and CI at 42" day of the study, as seen in

table 4.6.

Table (4.6) : Comparison in oral health scores between treatment and
control group at 42™ day of the study.

Treatment Group Control Group P-
Oral Health Scores [N =20] [N =20] Value*
Mean = SD Mean = SD
Plaque index 0.341 +0.256 0.433 +0.326 0.329
Gingival index 0.400 = 0.317 0.566 +0.406 0.156
Oral hygiene index 0.441 £ 0.307 0.624 £0.515 0.180
Calculus index 0.333 +0.259 0.250 +0.289 0.343

* Independent T-test of two means was used

4.2.3 : Comparison in oral health scores between study days for both
treatment and control group

Comparisons among oral health scores of treatment group during

all the study period are showing that there is a significant difference in

mean of CI between 1% day and the 21* day of the study, while there is no

significant difference in means of the other oral health scores during all the

study period as illustrated in the table 4.7 and figure 4.2, 4.3, 4.4 and 4.5.
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Table (4.7) : Effect of systemic folic acid treatment on oral health scores

during the study period.
Oral Health Treatment Group P.
Scores 1% day 21% day 42" day Value*
Mean £ SD Mean £ SD Mean £ SD
Plaqueindex | 0.167+0.291 " | 0.191+0.282" | 0.341 +0.256 " | 0.106
Gingival index | 0.458 +0.436" | 0.350+0.346" | 0.400+0.317" | 0.653
Ora;n'zliiie“e 0.233+03482 | 0.308+0.394% | 0.441+0307* | 0.175
Calculus index | 0.117+0.163 % | 0.191 +0.287 “® | 0.333 +0.259* | 0.021

* One-way ANOVA-test with Tukey's Pair wise comparisons was used. Means that do not share (A)

letter are significantly different.

0.5

0.4

Plaque score

0.3

0.2

0.1

0.0

Figure (4.2) :

0.1665

(1st)day

The change in plaque index score

during all the study period.

0.19145

(21st)day

0.3413

P =0.106

(42nd)day

after use of folic acid
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Figure (4.3) : The change in gingival index score after use of folic acid
during the study period.
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Oral hygiene score
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Figure (4.4) : The change in oral hygiene index score after use of folic acid
during study period.
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Figure (4.5) : The change in calculus index score after use of folic acid
during study period.

Comparisons among oral heath scores of control group during all the

study times show no significant difference between means of PI, GI, OHI
and CI at the 1%, 21", 42" days of study (Table 4.8).

Table (4.8) : Comparison in oral health scores of control group during the

study period.

Oral Health Control Group P-

Scores 1* day 21% day 2™ day Value*
Mean £ SD Mean £ SD Mean £ SD

Plaque index | 0.308 +0.293" | 0.433+0.348 " | 0.433+0.326" | 0.376
Gingival index | 0.550+0.329 " | 0.541 +0.338* | 0.566 + 0.406 * | 0.974
Orai'n‘;yefe“e 0433 +03802 | 0.558 04934 | 0.624+0.5152 | 0.427
Calculus index | 0.133+£0.206" | 0.174+0.282 " | 0.250+0.289 * | 0.367

* One-way ANOVA-test with Tukey's Pair wise comparisons was used. Means that do not share (A)
letter are significantly different.
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4.2.4: The Improvement Percentage Rates of Oral Health Scores
Paired T-test and% Improvement Rate that were used to estimate the

percentage of changes in oral health scores at day 42 of the study compared
to the beginning in treatment group and control group, as illustrated in

tables 4.9 and 4.10

Table (4.9) : the Percentage of improvement rates in oral health scores in

treatment group.

Oral Health Beginning | After 42 Days | Before— | % Improvement
Scores Mean £+ SD Mean + SD After Rate
Plaque Index 0.167 £0.291 | 0.341 +£0.256 -0.174 104.2
Gingival Index | 0.458 £0.436 | 0.400+0.317 0.058 12.7
Oral Hygiene | 5334 0348 | 044120307 | -0.208 89.3
Index
Calculus Index 0.117+0.163 | 0.333£0.259 -0.216 184.6

* Paired T-test of two means was used.

Table (4.10) : Percentage of improvement rate in oral health scores of
control group during the study period.

Oral Health Beginning After 42 Before — | |
Mean = SD Days After % Improvement Rate
Scores Mean £+ SD

Plaque Index 0.308 £0.293 | 0.433+0.326 | -0.125 40.6
Gingival Index 0.550+0.329 | 0.566 £0.406 | -0.017 2.9

Oral Hygiene |, 4334 0380 | 0.624+0.515 | -0.191 44.1

Index

Calculus Index 0.133+0.206 | 0.250+£0.289 | -0.117 87.9

* Paired T-test of two means was used.
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4.3 : Salivary Parameters

4.3.1 : Descriptive Statistics
The mean and standard deviation of salivary parameters level; 1L-6,
TNF-a, TAC and TP of each participant in both treatment group and

control group at the beginning of study were estimated as shown in the

table (4.11)

Table (4.11): Mean and standard deviation of salivary parameters levels of
treatment and control group at the beginning of the study (n = 20).

Salivary Parameters Treatment Group Control Group
Mean = SD Mean £+ SD
IL-6 (Pg/mL) 3.35+2.66 2.68+1.64
TNF-a (Pg/mL) 16.65+1.38 17.21+1.55
TAC (U/mL) 5.02+3.77 5.51+4.08
TP (g/dL) 0.76+0.46 0.66+0.39

The mean and standard deviation of salivary parameters level; IL-
6, TNF-a, TAC and TP of each participant in both treatment and control
groups at the 21% day of the study period were estimated as shown in the
table (4.12).

Table (4.12) : Mean and standard deviation of salivary parameters levels of
treatment and control group at the 21* day of the study (n = 20).

Salivary Parameters Treatment Group Control Group
Mean = SD Mean = SD
IL-6 (Pg/mL) 2.59+£2.11 3.454+2.22
TNF-a (Pg/mL) 16.26+0.56 17.75+1.84
TAC (U/mL) 7.51+4.26 6.22+3.88
TP (g/dL) 0.56+0.31 0.67+0.34
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The mean and standard deviation of salivary parameters level; IL-6,
TNF-a, TAC and TP of each participant in both treatment and control
groups at the 42" day of the study period were estimated as shown in the
table 4.13.

Table (4.13): Mean and standard deviation of salivary parameters levels of

treatment and control group at the 42™ day of the study (n = 20).

Salivary Parameters Treatment Group Control Group
Mean = SD Mean £+ SD
IL-6 (Pg/mL) 2.00£1.79 2.91+£1.75
TNF-a (Pg/mL) 16.11+0.05 19.56+5.12
TAC (U/mL) 8.16x4.17 6.49+4.49
TP (g/dL) 0.49+0.31 0.74+0.56

4.3.2 : Comparison in Salivary Parameters between Treatment and

Control Group

Independent T-test of two means showing that there is no significant

difference between means of treatment group and control group in salivary

IL-6, TNF-a, TAC and salivary TP respectively at the beginning of the

study, as illustrated in table 4.14.

Table (4.14) : Comparison in mean of salivary parameters between
treatment and control group at the beginning of the study.

Salivary Treatment Group | Control Group P-
Parameters [N =20] [N =20] Value*
Mean = SD Mean = SD

IL-6 (Pg/ml) 3.35+£2.65 2.68 +1.64 0.345

TNF-a (Pg/ml) 16.65 +1.38 17.21 £1.55 0.228

Salivary TAC 5.02+3.77 5.51+£4.08 0.695

(U/ml)
Salivary TP (g/dL) 0.76 £ 0.46 0.66 = 0.39 0.470

* Independent T-test of two means was used.
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Independent T-test of two means showing that there is a significant
difference between two means of treatment group and control group in
salivary TNF-a, while there is no significant difference between means of
treatment group and control group in salivary IL-6, TAC and salivary TP
respectively at the 21 day of the study, as illustrated in table 4.15.

Table (4.15) : Comparison in mean of salivary parameters between

treatment group and control group at the 21* day of the study.

Salivary Treatment Group Control Group P-
Parameters [N =20] [N =20] Value*
Mean = SD Mean = SD
IL-6 (Pg/ml) 2.59+2.11 345+222 0.213
TNF-a (Pg/ml) 16.26 = 0.56 17.75 + 1.84 0.001
TAC (U/ml) 7.51+4.26 6.22 +3.88 0.322
TP (g/dL) 0.56 +0.31 0.67+0.34 0.278

* Independent T-test of two means was used.

There is a significant difference between treatment group and control

group in salivary TNF-a, while there is no significant difference in salivary
IL-6, TAC and salivary TP respectively at the 42™ day of the study, as
illustrated in table 4.16.

Table (4.16) : Comparison in mean of salivary parameters between

treatment and control group at the 42" day of the study.

Salivary Treatment Group Control Group P-
Parameters [N =20] [N =20] Value*
Mean = SD Mean = SD
IL-6 (Pg/ml) 2.00£1.79 291 £1.75 0.116
TNF-a (Pg/ml) 16.11 £0.05 19.56 £5.12 0.005
TAC (U/ml) 8.16 £4.17 6.49 £4.49 0.232
TP (g/dL) 0.49 +£0.31 0.74 + 0.56 0.107

* Independent T-test of two means was used.
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4.3.3: Comparison in Salivary Parameters between Study Days for
both Treatment and Control Groups

For control group, there is no significant difference in salivary

parameters at the 1%, 21%, 42" days of the study (Table 4.17).

Table (4.17) : Comparison in salivary parameters levels of control group
during the study period.

Salivary Control Group P-
*
Parameters 1" day 217 day 42" day Value

Mean + SD Mean + SD Mean + SD
IL-6 (Pg/ml) | 2.68+1.64" | 3.45+£222" [291+1.75"%| 0413

TNF-a (Pg/ml) | 1721 +£1.55% | 17.75+1.84" | 19.56 +5.12 | 0.067
A

TAC (U/ml) | 551+4.08" | 6.22+3.88" |6.49+4.49"| 0.745
TP (g/dL) 0.66+039" | 0.67£034" |0.74+0.56" | 0.859

* One-way ANOVA-test with Tukey's Pair wise comparisons was used. Means that do not share (A) letter are
significantly different.

There is a significant difference in mean of salivary TAC level
between 1* day and the 21* day of the study, while there is no significant
difference in means of the other salivary parameters levels during all the
study period as illustrated in the table 4.18 and figures 4.6, 4.7, 4.8 and
4.9.

Table (4.18) : Effect of systemic folic acid treatment on salivary levels of
biochemical and antioxidant parameters during the study period.

Salivary Treatment Group P-

Parameters 1" day 21" day 42" day Value*
Mean = SD Mean £ SD Mean £ SD

IL-6 (Pg/ml) | 335+2.65% | 2.59+2.11" |2.00+1.79%| 0.167

16.11 £0.05
A

TNF-a (Pg/ml) | 16.65+1.38" | 16.26+0.56 " 0.132

TAC (U/ml) | 5.02+3.77° | 7.51+426"% | 8.16+4.17" | 0.044

TP (g/dL) 0.76+ 046" | 0.56+031" |049+031"| 0.065
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* One-way ANOVA-test with Tukey's Pair wise comparisons was used. Means that do not share (A) letter are

significantly different.
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Figure (4.6) : The change in salivary levels of IL-6 after the use of
systemic folic acid during the study period.
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Figure (4.7) : The change in salivary levels of TNF-a after the use of
systemic folic acid during the study period.
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Figure (4.8) : The change in salivary levels of TAC after the use of
systemic folic acid during the study period.
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Figure (4.9) : The change in salivary levels of TP after the use of systemic
folic acid during the study period.
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4.3.4 : The Improvement Percentage Rates of Salivary Parameters

Paired T-test and % Improvement Rate were used to estimate the
percentage of changes in salivary parameters at day 42™ of the study
compared to the beginning by applying the following calculation :

% Improvement Rate = (mean at the 1% day - mean at 42"" day) /mean
at 1* day X 100

Table (4.19) : Percentage improvement rates in salivary parameters levels
after the use of systemic folic acid treatment.

Salivary Beginning After 42 Before — %
Parameters Mean £+ SD Days After | Improvement
Mean + SD Rate
IL-6 (Pg/ml) 3.35+£2.65 2.00£1.79 1.35 40.3
TNF-a (Pg/ml) | 16.65+1.38 | 16.11 +£0.05 0.54 3.2
TAC (U/ml) 5.02+£3.77 8.16 £4.17 -3.14 62.6
TP (g/dL) 0.76 £ 0.46 0.49 +0.31 0.27 35.5

* Paired T-test of two means was used.

Table (4.20) : Percentage improvement rates in salivary parameters levels
of control group during the study period.

Salivary Beginning After 42 Before — %
Parameters Mean = SD Days After | Improvement
Mean £+ SD Rate
IL-6 (Pg/ml) 268+1.64% | 291+1.75% -0.23 85
TNF-a (Pg/ml) | 1721+ 155" [ 19.56=5.12" -2.35 13.7
TAC (U/ml) 551+4.08" | 649+449" -0.98 17.8
TP (g/dL) 0.66+0.39% | 0.74+0.56" -0.07 12.12

* Paired T-test of two means was used.
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4.3.5 : Comparison percentage improvement rates of both oral health

scores and salivary parameters between the treatment and control

groups.

The table (4.21) illustrates the comparison in percentage of
improvement rates in oral health scores and salivary parameters between

the treatment group and control group at the final day of the study.

Table (4.21) : Comparison in % improvement rates in oral health scores
and salivary parameters between the two groups.

% Improvement Rate
Parameters
Treatment Group Control Group

Plaque index 104.2 40.6

Gingival index 12.7 2.9
Oral hygiene index 89.3 44.1
Calculus index 184.6 87.9

IL-6 (Pg/ml) 40.3 8.5
TNF-a (Pg/ml) 3.24 13.7
TAC (U/ml) 62.6 17.8
TP (g/dL) 35.5 12.12

4.4 : Correlation Coefficient
4.4.1 : Correlation Coefficient between Oral Health Scores and

Salivary Parameters of Treatment Group at the Beginning of the
Study

Table (4.22) demonstrating that there are significant positive
correlation between PI and OHI , also between CI and OHI, between GI
and salivary IL-6, and between salivary TP and salivary TNF-a with

significant negative correlation between salivary TNF-a and salivary TAC.
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Table (4.22) : Correlation matrix between different parameters in treatment

group at the beginning of the study, (n= 20).

Parameter g;’:frglc’l‘:‘;’t'; PI | GI |OHI| CI IL-6 TIZF' TAC

GI v 0.104 | — | — | —

P 0.664 | — | — | —

OHI r 0.895 | 0.193 | — | -

P 0.000 | 0416 | — | -

CI r 0.184 | 0215 | 0526 | -

P 0437 | 0362 | 0.017 | —

IL-6 r 0.141 | 0558 | 0308 | 0372 | —

P 0.555 | 0.011 | 0.186 | 0.106 | —

TNF-0 r 0208 | 0335 - |-0077| -0.162 | — | —
0.167

P 0378 | 0.149 | 0483 | 0.747 | 0494 | — | —

TAC . 0328 | 0.174 | 0.175 | -0.085 | 0.268 |-0.430| —

P 0.159 | 0.463 | 0460 | 0.721 | 0253 | 0.050 | —

S.TP r 20337 | -0225| - | 0244 | 0216 | 0.506 | -0.412
0.186

P 0.147 | 0.340 | 0433 | 0300 | 0361 | 0.023 | 0.071

* Pearson correlation method (r) was used.
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4.4.2: Correlation Coefficient Between oral health scores and salivary
parameters of treatment group at the end of the study
The following correlation matrix (Table 4.23) between salivary

parameters and oral health scores of treatment group at the end of the study
using Pearson correlation method demonstrating that there are a positive
correlation between PI and OHI (Figure 4.10), between CI and OHI (Figure
4.11) and between CI and PI, while there is a negative correlation between
salivary TNF-a and salivary TAC.

Table (4.23): Correlation matrix between different parameters in treatment
group at the end of the study, (n=20).

Correlation
Parameter | Coefficient PI GI OHI CI IL-6 TNF-0 TAC
r 0.011 -— -— — — — —
Gl
P 0.965 -— -— — — — —
r 0.823 -0.002 -— - —_— — —
OHI
P 0.000 0.994 - —_— — — —
r 0.572 0.320 0.660 _— — — —
CI
P 0.008 0.169 0.002 _— — — —
r -0.138 | -0.048 -0.188 | -0.130 - _— —
IL-6
P 0.563 0.842 0.427 0.585 - — —
r -0.110 | 0.333 -0.060 | 0.172 | 0.164 — -
TNF-0
P 0.646 0.152 0.801 0.468 | 0.489 -— -
r 0.001 0.182 -0.147 | -0.209 | 0.069 | -0.617 -—-
TAC
P 0.995 0.443 0.538 0.376 | 0.772 0.004 -—-
r 0.044 -0.280 0.029 0.344 | 0.222 0.025 |-0.422
TP
P 0.853 0.232 0.903 0.137 | 0.348 0.917 0.064

* Pearson correlation method (r) was used.
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Figure (4.10) : The correlation between OHI and PI in treatment group at
the end of the study.
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Figure (4.11): The correlation between OHI and CI in treatment group at
the end of the study.
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Figure (4.12): The correlation between PI and CI in treatment group at the

end of the study.
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Figure (4.13) : The negative correlation between salivary TAC and TNF-a

in treatment group at the end of the study.
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4.4.3: Correlation Coefficient Between Oral Health Scores and
Salivary Parameters of Control Group at the Beginning of the Study

The table (4.24) is demonstrating that there are significant positive

correlation between PI and GI, between PI and OHI , also between CI and

OHI, between GI and salivary TAC , between GI and salivary TP and

finally between salivary TP and salivary TAC.

Table (4.24) : Correlation matrix between different parameters in control
group at the beginning of the study, (n= 20).

Parameter | Correlation |, GI OHI CI IL-6 | TNF-a. | TAC
Coefficient™
r 0.606 — _— — _— — .
GI
P 0.005 — _— — _— — .
r 0.865| 0.413 - — _— — —
OHI
P 0.000 | 0.070 - — _— — —
r 0.154 | -0.147 0.622 — _— _— —
CI
P 0.516 | 0.538 0.003
r 0.227 | 0.151 0.163 -0.038 _— —_ .
IL-6
P 0.335 | 0.524 0.493 0.874 _— —_ .
r ) -0.138 0.001 0.074 0.349 -— —
TNF-a1 0.063
P 0.791 0.561 0.995 0.757 0.132 -— _—
r 0.290 | 0.686 0.231 -0.026 -0.088 | -0.049 -—-
TAC
P 0.215 | 0.001 0.327 0.914 0.712 0.837 -—-
r 0.276 | 0.639 0.334 0.174 0.144 0.036 | 0.616
TP
P 0.239 [ 0.002 0.149 0.463 0.544 0.881 | 0.004

* Pearson correlation method (r) was used.

4.4.4: Correlation Coefficient Between Oral Health Scores and
Salivary Parameters of Control Group at the End of the Study
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The table (4.25) is demonstrating that there are significant positive
correlation between OHI and GI, between PI and OHI , also between CI
and OHI, between PI and CI, between PI and salivary TAC , between GI
and salivary TAC, between salivary TP and salivary TAC, between
salivary TNF-a and salivary TP, between salivary TP and GI and finally
between OHI and salivary TAC.

Table (4.25) : Correlation matrix between different parameters in control
group at the end of the study, (n= 20).

Correlatio
Parameter | "o PI GI OHI CI IL-6 | TNF-a | TAC
oefficien
t*
r 0.510 -— -— — — — _—
GI
P 0.022 -— -— — — — _—
r 0.939 0.489 - _— — — —
OHI
P 0.000 0.029 - _— — — —
1 r 0.605 0.212 0.770 _— — — —_
P 0.005 0.370 0.000 — _— — —_
r 0.433 0.292 0.331 0.036 -— - -_—
IL-6
P 0.057 0.212 0.154 0.880 -— - -_—
r 0.369 0.302 0.398 0.323 -0.149 - -
TNF-0.
P 0.109 0.196 0.082 0.165 0.530 -— -
r 0.585 0.776 0.619 0.346 0.339 0.401 -
TAC
P 0.007 0.000 0.004 0.135 0.143 0.080 -
r 0.354 0.615 0.437 0.305 0.119 0.458 | 0.656
TP
P 0.126 0.004 0.054 0.191 0.616 0.042 | 0.002

* Pearson correlation method (r) was used.
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CHAPTER FIVE

DISCUSSION
5.1 : Study Design

In the present study, patients were selected randomly for clinical
trial. They were chosen according to some criteria and grouped randomly
into the treatment and control groups.

In accordance with previous studies of the inflammatory markers in
gingivitis and periodontitis patients, all participants aged between 20-40
years, taking in consideration that the gingivitis prevalence is higher among
patients below 20 years and above 40 years. Studies documented that the
gingival lesions which formed in the old individuals are more pronounced
to occur and their saliva contained more inflammatory cells than in the
young subject saliva sample. Also salivary flow rate is declined by the age

progression (Syndergaard et al., 2014; Nazir, 2017; Rangbulla et al., 2017).

In this study, there is no significant sex-based difference between
treatment and control groups to exclude the effect of gender factor on the
study outcomes (Jordan et al., 2011; Sreenivasan et al., 2017).

This study has excluded smokers because their saliva has a higher
stimulated flow than of non-smoker due to tobacco irritation. Also, the
level of proteins and some cytokines concentration in saliva are increased
due to smoking. Even exposure to the environmental cigarette smoke is
associated with increased leucocyte counts, chemotaxis and increased
release of reactive oxidants from stimulated neutrophils (anderson et al.,
1991). Studies revealed that there is a decrease in the serum antioxidant
levels in a smoker, that will affect on salivary TAC measurement
(Rahmadhani et al., 2020). Also, organic nitrites, nitrous oxide, cyanates,
and isocyanates found in cigarette smoke have been shown to interact with

a folic acid, transforming them into biologically inactive compounds and
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thereby leading to lower folic acid levels in serum (Mahanonda et al.,

2009; Koscielniak et al., 2012; George et al., 2013).

Alcoholic individuals are more likely to have folate deficiency, also
alcoholic people may exhibit relevant changes in the volume and
composition of the salivary fluid, so they were excluded in this study.

(Lewis, 2020; Lyra et al., 2020).

Individuals with oral or systemic diseases were also excluded as
many chronic diseases affect on salivary oxidative state and salivary

protein level (Kos$cielniak et al., 2012; Nazir, 2017; Klimiuk ef al., 2020).

Participants that receive any medication or supplements were
excluded in addition to the drugs that interact with folic acid. Periodontal
diseases intensified when there is a diminished salivary flow due to certain
medications (Giincii ef al., 2005). Some medications may cause alteration
in the salivary flow rate, due to anticholinergic effects as; antidepressants,
anxiolytics, antipsychotics and antihistaminics (Edgar et al., 2004; Marcott
et al., 2020). Corticosteroids cause hyposalivation and increase the
viscosity of saliva which affect on salivary parameters level(Mohiti et al.,
2020). Also, patients who were takhe store of en supplements which
contain antioxidant vitamins (C, D and E) have been excluded from the

study to avoid alteration in salivary TAC.

5.2 : Collecting Unstimulated Saliva

Unstimulated whole saliva represents the baseline saliva presents in
the oral cavity. Unstimulated whole saliva often correlates to local and
systemic clinical conditions more accurately than stimulated saliva
(Syndergaard et al., 2014; Rangbulla et al., 2017). Materials as drugs or
food increase salivary flow rate that may change salivary composition

(Edgar et al., 2004; Williamson et al., 2012). As the salivary flow rate
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increases, the concentrations of total proteins, sodium, calcium, chloride,
and bicarbonate as well as the pH increases to various levels. In the area of
proteomics, analysis of unstimulated saliva samples is usually preferred
over stimulated saliva samples because dilution of the proteomic
components in stimulated saliva samples has been reported (Yakob et al.,
2014; Schafer et al., 2014). So, unstimulated saliva has been collected in
order to avoid changing in proteins and cytokines level in saliva.

Saliva has been widely analyzed as an indicator of oral health (Lee et
al., 2012; Hartenbach et al., 2020). Investigators have identified cytokines
in the saliva which are associated with a periodontal disease that reflect
local, rather than systemic, immune responses. Salivary components may
originate entirely from the salivary glands or may be derived from the
blood by passive diffusion or active transport (Chiappin et al., 2007). Also,
the changes in the inflammatory mediators present in saliva reflect the
changes that occur in gingival tissue (Santos et al., 2017).

In cases where components in saliva are derived from the blood,
levels of biochemical and immunological components measured in saliva
may reflect blood levels. Substitution of saliva samples for blood or CGF in
analysis of inflammatory biomarkers is of considerable interest because
collection of saliva is a non-invasive, rapid and does not have any of the
risks associated with collection of blood or CGF also its collection requires
less manpower and materials (Yue et al., 2013; Hemadi et al., 2017,
Rangbulla et al., 2017). This i1s the major difference between oral fluid
and serum, 1n which the concentrations of the various
components can only vary between narrow border values (Aps and

Martens, 2005).
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5.3 : Dose of Folic Acid

Once absorbed, folic acid needs to be converted to THF to enter in
the metabolic pathways, a reaction that is catalyzed by the enzyme DHFR.
The human gut has a limited ability to reduce methylated folic acid. So,
when folic acid dose exceeds physiologic threshold, the DHFR enzyme can
become saturated and the conversion of folic acid to the reduced form is
impaired, resulting in the appearance of unmetabolized folic acid form
(UMFA) in the circulation (Steluti et al., 2020).

In this study, 1 mg oral tablet of folic acid once daily was
prescribed for the treatment group, on empty stomach, for continuous 42
days. This dose of folic acid is pharmacologically compatible with tolerable
upper intake limit/dose (TUL) that was recommended by Institute of
Medicine "IOM" in 1998 which is 1 mg once daily (Institute of Medicine
(US) Standing Committee, 1998) intended to reflect a maximum safe
intake. The committee considered a number of endpoints associated with
UMFA appearance which are; carcinogenicity, decreased efficacy of folate
antagonists, and risk of neurological complications in vitamin B12-
deficient patients.

Elevated folic acid dose over TUL has been proposed to promote
tumorigenesis from preexisting foci of neoplasia and accelerate the growth
of established tumors. That hypothesis relates to the role of folic acid in the
synthesis of nucleotides for DNA synthesis in rapidly dividing cells (Crider
et al., 2011; Field and Stover, 2018; Steluti et al., 2020).

A recent study suggested that the intervention of folic acid with 5
mg/day, even for just a short time (45 days), produced a several folds
increase in serum folate concentrations. They observed a reduced number
of NK cells in healthy young participants (Clovis et al., 2018). That data
corroborate previous findings by Troen ef al. (2006), that a high folic acid

supplementation intake was associated with reduced cytotoxicity of NK
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cells in vivo in obese postmenopausal women who consumed the greatest
amount of folate from their diet. Also, it is in agree with study performed
by Sawaengsri et al. (2016) that concluded that; animal models have shown
that a high folic acid diet can result in reduced NK cell cytotoxicity in aged
mice. Furthermore, the results from a clinical trial showed that a daily dose
of 5mg FA for 90 days is associated with increased serum UMFA, and
reduced number and cytotoxicity of NK cells in healthy adults. It is better
to know that NK cells play a major role in the host-rejection of tumor cells.
They are activated in the response to the macrophage-derived cytokines
(Paniz et al., 2017).

5.4 : Effects of Folic Acid on Oral Health Scores

Tooth brushing is an effective method in reducing levels of dental
plaque; thus, it is the reference technique for control of plaque. Studies
showed that after tooth brushing, a significant reduction in the plaque index
was observed and considered to be the baseline plaque index. In the next
day, the plaque, gingival, calculus and oral hygiene indices score for all
participants were measured before treatment to get a base line (but not
necessary to be the zero line) (Syndergaard et al., 2014; Rangbulla et al.,
2017, Lynch et al., 2018, Rubido ef al., 2018).

Plaque, gingival, oral hygiene and calculus indices have a wide
application as the “gold standard for assessment of oral health in general,
provide a diagnosis of periodontal disease and to evaluate the effect of folic
acid treatment on gingival health in a simple and non-invasive manner.
(Zhang et al., 2010; Korte and Kinney, 2016).

The regular plaque removal of the causative factors (dental plaque,
and calculus) by mechanical cleaning of the teeth has approved efficient in
the control of gingivitis by providing a state of homeostasis due to reduced
immunopathogenesis in the periodontium (Franco et al., 2008; Naiff ef al.,

2020), but the inability of the some people to perform adequate mechanical
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tooth cleaning has been induced the researchers for finding effective agents
that can improve plaque control and gingivitis (Smiley et al., 2015; Rizvi et
al.,2016).

In a constant quest to enhance oral health, a number of synthetic
chemical agents with potential adjunctive benefits were added to the
existing measures of gingival treatment ( Ramesh ef al., 2020)

Vitamins improve the capacity of gingival epithelial cell to act
against the attack of pathogens and slow down the inflammatory response
in gingiva (Thanoon and Al-Mashhadane, 2020). Also, repair and
maintenance of the periodontium including gingival generates a high
turnover rate of squamous epithelium, folic acid is essential for the proper
maturation of the rapidly proliferating cells, It is thus conceivable that
FAD is associated with severe gingival inflammation (Vogel ef al., 1976;
George et al., 2013). Among all the analyzed vitamins those with
antioxidant capacity and effects on the immune system seems to be useful
for the prevention or improvement of periodontal disease (Varela-Lopez et
al., 2018).

According to the results of this study, there was a non-significant
difference in PI after using of folic acid which may indicates that folic acid
have no antiplaque effect. In addition to possible non-compliance of the
participants in treatment group in following oral hygiene instructions
during study period (Ramsay, 2000; Waldron et al., 2019).

A number of clinical investigations, maintained that the quantitative
relationship between plaque levels and gingivitis severity is tenuous and,
possibly, non-existent (Breuer and Cosgrove, 1989). Further support for
this view comes from Midda and Cooksey who found that an enzyme-
containing toothpaste significantly improved gingival health without
significantly changing plaque levels (Midda and Cooksey, 1986).

In the results of this study, there is a positive correlation between
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IL-6 and GI at the beginning of the study in treatment group, both
parameters levels are high. There is a an improvement in GI at the end of
the study in treatment group in comparison with the first day due to intake
of folic acid supplement while in control group there was no any
improvement in GI scores.

This was in agreement with Vogel et al (1976) who used 2 mg folic
acid, twice daily for 30 days in their study on gingivitis, the results indicate
that folic acid lead to improve in gingival inflammation. FAD is relative to
abnormalities in rapidly proliferating epithelial cells, including buccal
squamous cells. So, that the junctional epithelium could also be affected
(Vogel et al., 1976).

Another study was conducted by Pack, in which treatment of patients
with mouth wash (MW) of 5 mg folate per 5 ml twice daily for 4 weeks
appears to have a positive effect on health of gingiva through gingival color
and bleeding index improvement (Pack, 1984).

Also, a study in 2010 concluded that there is a significant relationship
between FAD and gingival bleeding in non-smokers in Japan (Esaki et al.,
2010).

The presence of dental calculus may limit the ability to perform the
optimal oral hygiene practices (Pradeep et al., 2011). Calculus is
considered as an important secondary etiological factor in the development
and progression of periodontitis (Akcali and Lang, 2018).

In this study, comparison in the oral health scores between treatment
group and control group demonstrate increament in PI and OHI together
with CI at days 21 & 42 of study period. According to these results folic
acid might be without any effect against plaque and calculus formation
which is in agreement with one research which stated that despite of
vitamins are important in the prevention and treatment of oral diseases like

gingivitis, there is no sufficient data supporting the need for them for good
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oral hygiene including hard dental pathological processes & calculus
deposition which is mainly depend on mechanical oral hygiene measures
carried out by both dentists and patients (Cagetti et al., 2020).

In comparison among study days in treatment group, there was
significant increase in CI in association with non-significant increase in PI
and OHI for the same factors related to patient cooperation and skill of
dental brushing. (Ramsay, 2000; Waldron et al., 2019). In control group,
comparison among study days showed increase in PI, OHI & CI in
association for the same reasons above.

Incidental systemic findings of folate deficiency may be influencing
factors for the development of gingival diseases. This factor serves as an
example of a stepwise approach toward interdisciplinary patient care when
the underlying cause of gingival diseases are not immediately obvious by
routine methods of diagnosis like PI, OHI and CI scores (Barbe, 2020).

5.5 : Effects of Folic Acid on Salivary Parameters

Infections and trauma are common factors which can cause the body
to become inflamed. Inflammation is the mechanism used to restrict any
sort of possible damage spreading, and to repair it (Saladin, 2010; Frank et
al., 2017).

The presence of distinct microbes in the periodontal environment has
been associated with increased levels of host-produced pro-inflammatory
cytokines, such as TNF-a, IL-6 in the gingival fluid and tissues. Those will
formulate to signal surrounding sensors to begin the necessary mechanisms
for tissue repair and restoration, in addition to the effect of salivary
cytoprotective proteins (Jiang et al., 2016; Evans and Omaya, 2017;
Kharaeva et al., 2020). So, inflammatory markers and proteins
measurement in the saliva are important to determine the presence of
gingivitis and evaluation the response to gingivitis treatment either locally

or systematically (Syndegaad et al., 2014; Gomes et al., 2016).
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Gingivitis  usually requires not only the presence of
periodontopathogens, but the persistent host inflammatory immune
response against those pathogens results in the increased blood flow and
vascularization (angiogenesis), increased vascular permeability, and
migration of neutrophils and monocytes/macrophages to the site of

infection (Graves et al., 2011; Belstrom et al., 2017).

Among the host mediators produced after microbial invasion,
cytokines such as TNF-a, and IL-6 were the first to have their role in
periodontal disease pathogenesis (Musacchio et al., 2009, Garlet, 2010;
Khosravi et al, 2013).

Results showed that no significant difference in the mean of IL-6 and
TNF-a levels in saliva between treatment and control group at the
beginning of the study, then their levels have been decreased in response to
the folic acid treatment at the 2™ visit (on the 21* day) and there was a
significant difference in TNF-a, also there is decrement in IL-6 level, but
non significantly compared to control group. At the end of the study, the
salivary TNF-a level has been decreased significantly and the salivary level

of IL-6 has been decreased in non-significant manner.

Pathogens secrete LPS by their cell wall, those induce inflammatory
response by binding with Toll-like receptors (TLRs); class of immune
receptors present at cell surface of macrophages. TLRs are considered the
activator of nuclear factor kappa-light-chain-enhancer of activated B cells
(NF-xB).

NF-kB is a major transcription factor presents in cytoplasm of all
human cells, a key regulator of immune response by controlling the
transcription of cytokines which involved in inflammatory process. It is

found to be active in many chronic inflammatory diseases as inflammatory
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bowel disease, asthma, sepsis, arthritis, atherosclerosis, and periodontal
disease.

NF-«B is normally found as inactive form in the cytoplasm associated
with inhibitory protein called IxB. Upon stimulation by LPS-TRL complex,
there is instant phosphorylation of IkB and releasing of NF-«xB into nucleus
to start transcription of inflammatory cytokines genes (Doyle and O'Neill,
2006; Hayden et al., 2006; Qiu et al., 2020).

Results of of this study in relation to TNF-a & IL-6 can be explained
by results of two previous studies that supposed folic acid to subside
inflammatory response mediated by IL-6 and TNF-o by inhibition of
phosphorylation of IxkB (Au-Yeung et al., 2006; Feng et al., 2011). Our
results are also in line with a recent study concluded that 5 weeks, oral
intake of 1 mg folic acid has the ability to significantly decrease in T-cell
proliferation, so that decrease cytokines production and dermatitis
treatment. Folic acid treatment significantly interfered with T-cell
proliferation in a dose-dependent manner (Makino ef al., 2019).

Another study was performed in 2016, examined the effect of 1.25
mg/day of folic acid supplementation for six months on newly diagnosed
patients with Alzheimer disease, they found that folic acid improved
cognition and decreased markers of inflammation as IL-6 and TNF-a (Chen

et al.,2016).

Saliva has buffering, lubricating, antibacterial, and remineralizing
tasks, it is also an excellent source of both enzymatic and non-enzymatic
antioxidants, which preserves the redox homeostasis, and stop
disturbances of them in the oral environment by overproduction of free
radicals or reduction in antioxidants synthesis which is called oxidative
stress state.

Salivary TAC is mainly associated to some proteins (as albumin),
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enzymes (as glutathione peroxidase), UA and ascorbic acid (Zukowski
et al., 2018). The excessive production of free radicals or antioxidants
deficiency have a role in pathogenesis of periodontal disease as
gingivitis. It has been proposed, that antioxidant supplementation could
decrease or slow gingival tissues injury. Up to date studies affords
constructive evidences of antioxidant therapeutic of periodontal disease
(Celec, 2017; Ambati et al., 2017; Kharaeva et al., 2020).

Relationship between oxidative stress and periodontal disease is
reasonably strong. The periodontal inflammation enhances the
availability of oxidative stress markers, and it tends to enforce aspects of
periodontal destruction (da Silva et al., 2018).

Accumulation of dental plaque and calculus, both are considered
the integral parts for OHI, that play a critical role in periodontal disease
as they contain various pathogenic bacteria that induce production of
free radicals which leads to inflammation (Albandar et al., 1996).

This study results have found that there is a significant effect of folic
acid on treatment group by increasing salivary TAC value through the
entire period of study. This result is in line with a recent study that
confirmed that the folic acid is an antioxidant used with vitamin E in
pregnancy to protect the fetus from oxidative damage caused by
cigarette smoke, 5 mg/day for 20 days regimen is used (Rahmadhani et
al., 2020). That can be explained by the dual role of folic acid, the first
involves subsiding gingival inflammation by decreasing cytokines
production (which produce oxidation), then to neutralize the state of
oxidative stress (Vogel et al., 1976; Esaki et al., 2010; Chen et al., 2016;
Paniz et al., 2017; Makino et al., 2019) as discussed previously. The
second is explained as in cases of mild case of gingivitis, the normal

immune response to bacterial endotoxin (LPS) involves neutrophils
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recruiting and production of inflammatory cytokines as IL-6 which
activates Nrf2 system. (Matsuoka et al., 2016) . Then ROS are produced
of in fair level enough to return redox homeostasis of gingival tissue. If
there is excessive production of ROS as in moderate to severe cases of
gingivitis, the neutrophil infiltrate increased together with a downward
regulation of the Nrf2 pathway and following inhibition of antioxidant
production, resulting in higher synthesis of ROS leads to tissue damage
that may lead to periodontitis. Nrf2 is nuclear factor erythroid 2-related
factor 2, it currently recognized as one of main cellular defense
mechanism against oxidative stress. It is a transcriptional factor involved
in cellular redox homeostasis. In healthy state it is found in cytoplasm
often sequestered by special molecule called Klech like- ECH-
associated protein 1 (Keap-1).

At inflammatory state when the cell expose to the ROS or pro-
inflammatory cytokines, results in conformational changes in cysteine
moiety of Keap-1 molecule leads Nrf2 to dissociates from Keap-1 and
translocates in nucleus where it performs its role in activating of
transcription of various detoxification and antioxidant enzyme genes
(Taguchi et al., 2011). Expression of endogenous antioxidants is
regulated by Nrf2 system (Shaw and Chattopadhyay, 2020).

It was confirmed that folic acid can efficiently scavenge such free
radicals (Joshi et al., 2001). In the circumstances of extreme oxidative
stress, the exhaustion of folates may occur. It was suggested that the
main antioxidant activity of the active form of folate (5-MTHF) resides
in its pterin core and an electrondonating effect because the higher the
electron donating effect, the higher the antioxidant activity (Rezk et al.,
2003). Folic acid dose-dependently decreased ROS, DNA oxidative
damage, and tissue damage (Li et al., 2020).
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In the beginning of this study, results revealed that there is a
negative correlation between salivary TNF-a and TAC of treatment
group indicates the presence of inflammation where inflammatory
marker is elevated and antioxidant level is depressed. The opposite case
is found at the end of the study, where salivary TNF-a level is decreased
while TAC level is elevated, indicated the anti-inflammatory and

antioxidant effect of folic acid.

Saliva principally consists of 99.5% water, 0.3% proteins and 0.2%
trace and inorganic substances. Saliva is one of the innate defense systems
of the human body that protects oral cavity tissues by several mechanisms,
such as improving tooth enamel by remineralization, neutralizing low
plaque pH, rinsing food debris, microorganisms and sugar aggregation, and
by its antibacterial properties (Hicks et al., 2004; Dawes, 2008). The
concentration of proteins and polypeptides present in the saliva is important
in the maintenance of oral health and homeostasis, as increased frequency
and severity of oral disease are often associated with qualitative and
quantitative changes of the saliva proteome (Scarano et al., 2010; Dawes et
al., 2015).

Proteomic molecules, such as histatins, mucin, lactoperoxidase,
defensins, proline-rich peptides and lactoferrin regulate the microbial flora
of the oral cavity by exerting direct antibacterial effects (Van et al., 2004;
Schipper™® et al., 2007). Therefore, salivary protein composition may play
an important role in the etiology of oral disease prevalence as periodontal
disease (Van et al., 2004; Hartenbach et al., 2020).

In gingival inflammation, epithelial cells are released and degraded
while the blood capillaries permeability is increased, which results in
release of serum components, such as albumin into saliva. While in oral

healthy individuals, the chance of detecting serum components, released
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from the blood vessels through saliva, is rather little & not significant (Aps
and Martens, 2005).

By comparisons of salivary TP levels during all study days within
treatment group & in comparison to the control group, there was a decrease
in the levels that supposed to be due to anti-inflammatory effect of folic
acid (Chen et al., 2016; Paniz et al., 2017; Makino et al., 2019).

There is a positive correlation between salivary TNF-a and salivary
TP in the treatment group at the beginning of the study. In response to the
chronic infection by pathogenic micro-organisms during the chronic
gingivitis condition there is an up-regulation of pro-inflammatory
mediators which increase genes expression of oral host defense system

proteins in gingival tissues (McAuley et al., 2007; Aboodi et al., 2016).

The limitations of the current study including the small sample size
and the fact that none of the subjects were diagnosed as folic acid deficient.
The results showed an important role for folic acid in inducing anti-
inflammatory and antioxidant effects and enhancing the improvement in

oral health profile in chronic gingivitis patients.
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CHAPTER SIX
CONCLUSIONS AND RECOMMENDATIONS

6.1: Conclusions

The following conclusions have been drawn from this study:

1. Folic acid supplement of 1 mg/day for 42 days has a noticeable
effect on the treatment of chronic gingivitis.

2. Folic acid has no effect on plaque Index and oral hygiene index, but
it causes a little decrease in gingival index, so it may provide
dentists with additional option during management of gingival
inflammation in addition to scaling and polishing.

3. Results showed that there is a difference between means of treatment
group with folic acid and control group in TNF-a at 21* and 42™
day, so it may has anti-inflammatory effect.

4. Folic acid supplement within the recommendations can increase the
level of total antioxidant capacity in saliva, so it enhance anti-oxidant
effect which help to improve oral health.

5. Folic acid causes a little decrease in the level of salivary total

proteins at the end of the study.
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6.2: Recommendations

The study recommends the following points :

l.

Gingivitis 1s a widely distributed dental disease among the
population, so it becomes rationale to consider safest, available, and

economic treatment (like vitamins) for it.

Further studies of other cytokines levels in whole saliva, GCF, and

serum sample in dental diseases.

. Further studies of specific antioxidants levels in whole saliva, GCF,

and serum sample in dental diseases are suggested.
Further studies of specific salivary proteins in whole saliva, GCF,

and serum sample in dental diseases are suggested.

. Further studies about the use of folic acid supplement in medically

compromised patients are recommended.
Further studies about the use of vitamin B12 with folic acid in the

treatment of chronic gingivitis are recommended.
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Appenix 1 : Consent Form

Case Sheet

Date: / / Patient No. :
Patients Name:
Age & Gender: .....oooeveiieniieennn Social condition: ....................
Occupation:  ....cccceeevverveeneenne . Medical history :.....................
Drug Intake: ...................o.... Folic acid allergy: ..................c.e.
Address & Phone number: ..............ccoovviiiiiininnnnn.
Type of diet: ...........
Plaque Index

Gingival Index

Calculus Index

Oral Health Index

Appendix 2 : Case Sheet



Appendix 3

Relative centrifugal force (RCF) or g force is used to refer to the
amount of force applied when using a centrifuge. To convert revolutions
per minute (RPM) to relative centrifugal force (RCF), or g force, use the

following formula:
RCF = (RPM)” x 1.118 x 107 x r.

r: radius of centrifuge rotor in cm.
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